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(57)Abstract: 

PROBLEM TO BE SOLVED: To measure a spatial 
image with full accuracy. 
SOLUTION: A slit 22, which extends in Y-axis 
direction, having a width in the measurement 
direction (X-axis direction) less than (wavelength 
^/opening number N.A. of a projection optical 
system), is formed in a slit plate 90 of a spatial image 
measurement apparatus 59. When a specific pattern 
PM illuminated with an illumination light IL for this 
purpose and when the slit plate 90 is scanned in X- 
axis direction to the spatial image, in a state in which 
the spatial image of that pattern is formed on the 
image surface by way of a projection optical system 
PL, the light having transmitted the slit 22 during 
scanning is photoelectrically converted with a photoelectric converter element 24. The 
photoelectric conversion signal (signal which corresponds to the light intensity of the 
spatial image) is output. Then based on the photoelectric conversion signal, light intensity 
distribution corresponding to the spatial image is measured with a controller. In this case, 





1 



the spatial image can be measured with practically sufficient accuracy, since the width of 
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the slit 22 is equal to or less than (A/N.A.). 
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1 .This document has been translated by computer. So the translation may not reflect the original 
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2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the space image measurement approach which measures the space image of the 
predetermined pattern formed of projection optics. The process which illuminates said pattern and 
forms the space image of this pattern on the image surface through said projection optics by the 
illumination light; while extending in the 1st direction in a two-dimensional flat surface 
perpendicular to the optical axis of said projection optics While the width of face of the 2nd direction 
of [ within said two-dimensional flat surface perpendicular to this ] scans the slit plate which has at 
least one slit defined in consideration of the wavelength lambda of said illumination light in said 2nd 
direction in said two-dimensional flat surface near [ said ] the image surface The space image 
measurement approach containing the process which acquires the photo : electric-conversion signal 
according to the reinforcement of said illumination light which carried out photo electric conversion 
of said illumination light which penetrated said slit, and penetrated said slit, and;. 
[Claim 2] It is the space image measurement approach which measures the space image of the 
predetermined pattern formed of projection optics. The process which illuminates said pattern and 
forms the space image of this pattern on the image surface through said projection optics by the 
illumination light; while extending in the 1st direction in a two-dimensional flat surface 
perpendicular to the optical axis of said projection optics While the width of face of the 2nd direction 
of [ within said two-dimensional flat surface perpendicular to this ] scans the slit plate which has at 
least one slit defined in consideration of numerical-aperture N.A. of said projection optics in said 
2nd direction in said two-dimensional flat surface near [ said ] the image surface The space image 
measurement approach containing the process which acquires the photo-electric-conversion signal 
according to the reinforcement of said illumination light which carried out photo electric conversion 
of said illumination light which penetrated said slit, and penetrated said slit, and;. 
[Claim 3] The width of face of said 2nd direction of said slit is the space image measurement 
approach according to claim 1 or 2 characterized by being the following (lambda/N.A.) which **(ed) 
wavelength lambda of said illumination light by numerical-aperture N.A. of said projection optics 
more greatly than zero. 

[Claim 4] The width of face of said 2nd direction of said slit is the space image measurement 
approach according to claim 3 characterized by being 0.8 or less times of the above (lambda/N.A.). 
[Claim 5] The width of face of said 2nd direction of said slit is the space image measurement 
approach according to claim 1 or 2 characterized by being odd times the one half of the minimum 
pitch which are Rhine of the resolution limit which becomes settled according to lighting conditions 
including the classification of said illumination light and said pattern, and a pitch of a tooth-space 
pattern. 

[Claim 6] The width of face of said 2nd direction of said slit is the space image measurement 
approach according to claim 1 or 2 characterized by specifying the numerical aperture of lambda and 
said projection optics as odd times of {lambda/(2 N.A.)} in it, using wavelength of said illumination 
light as N.A. 

[Claim 7] The space image measurement approach given in any 1 term of claims 1-6 characterized 
by including further the process which recovers the original space image by carrying out the Fourier 
transform of said photo-electric-conversion signal, searching for spatial-frequency distribution, 
breaking this ****** spatial-frequency distribution by known frequency spectrum of said slit again, 
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changing into the spectrum distribution of the original space image, and carrying out the inverse 
Fourier transform of this spectrum distribution. 

[Claim 8] Are the image formation property measurement approach which measures the image 
formation property of projection optics, and a predetermined pattern is illuminated by the 
illumination light. Said projection optics is minded for the space image of this pattern. The process 
formed on the image surface; while scanning the slit plate which has at least one slit of the 
predetermined width of face prolonged in the 1st direction in a two-dimensional flat surface 
perpendicular to the optical axis of said projection optics in the 2nd direction perpendicular to said 
1st direction in said two-dimensional flat surface near [ said ] the image surface The process which 
acquires the photo-electric-conversion signal according to the reinforcement of said illumination 
light which carried out photo electric conversion of said illumination light which penetrated said slit, 
and penetrated said slit; the image formation property measurement approach containing the process 
which performs predetermined processing to said photo-electric-conversion signal, and searches for 
the image formation property of said projection optics, and;. 

[Claim 9] Detection of said photo-electric-conversion signal, said pattern being Rhine and the tooth- 
space pattern which have periodicity in the direction corresponding to the 2nd direction, and 
changing the location of said direction of an optical axis of said slit plate as a multiple-times repeat 
and said predetermined processing The Fourier transform of two or more photo-electric-conversion 
signals acquired by said repeat is carried out, respectively. The contrast which is the gain of each 
primary frequency component and Oth frequency component is searched for. The image formation 
property measurement approach according to claim 8 characterized by detecting the best focus 
location of said projection optics by detecting the location of said direction of an optical axis 
corresponding to the photo-electric-conversion signal with which this contrast serves as max. 
[Claim 10] The image formation property measurement approach according to claim 9 characterized 
by including further the process which detects the image surface configuration of said projection 
optics by performing detection of said best focus location repeatedly about two or more points from 
which the distance from the optical axis of said projection optics differs. 

[Claim 11] The image formation property measurement approach according to claim 9 characterized 
by including further the process which performs detection of said best focus location in the optical 
axis of said projection optics repeatedly about said two or more Rhine of a different pitch, and a 
tooth-space pattern, and searches for the spherical aberration of said projection optics based on the 
difference of said best focus location corresponding to said each pattern. 

[Claim 12] Said pattern is a pattern with which the width of face of said 2nd direction contains at 
least one larger rectangle pattern than the width of face of said 2nd direction of said slit. Formation 
of said space image and detection of said photo-electric-conversion signal are repeatedly performed 
about the space image of said pattern projected on the location where it differs in the image field of 
said projection optics. As said predetermined processing The phase of two or more photo-electric- 
conversion signals of each, acquired by said repeat, is detected. The image formation property 
measurement approach according to claim 8 characterized by computing the location of the space 
image corresponding to said each photo-electric-conversion signal based on the result of this phase 
detection, respectively, and asking for at least the distortion of said projection optics, and one side of 
a scale factor based on this calculation result. 

[Claim 13] Said pattern is a pattern with which the width of face of said 2nd direction contains at 
least one larger rectangle pattern than the width of face of said 2nd direction of said slit. Formation 
of said space image and detection of said photo-electric-conversion signal are repeatedly performed 
about the space image of said pattern projected on the location where it differs in the image field of 
said projection optics. As said predetermined processing Based on the intersection of two or more 
photo-electric-conversion signals of each acquired by said repeat and predetermined slice level, the 
location of the space image corresponding to said each photo-electric-conversion signal is computed, 
respectively. The image formation property measurement approach according to claim 8 
characterized by asking for at least the distortion of said projection optics, and one side of a scale 
factor based on this calculation result. 

[Claim 14] Said pattern is the image formation property measurement approach according to claim 8 
characterized by being Rhine and the tooth-space pattern which have periodicity in said 1st direction 
by the shape of a rectangle as a whole. 
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[Claim 15] Formation of said space image and detection of said photo-electric-conversion signal are 
repeatedly performed about the space image of said pattern projected on the location where it differs 
in the image field of said projection optics. As said predetermined processing Based on the 
intersection of two or more photo-electric-conversion signals of each acquired by said repeat and 
predetermined slice level, the location of the space image corresponding to said each photo-electric- 
conversion signal is computed, respectively. The image formation property measurement approach 
according to claim 14 characterized by asking for at least the distortion of said projection optics, and 
one side of a scale factor based on this calculation result. 

[Claim 16] Said pattern is the image formation property measurement approach according to claim 8 
characterized by being Rhine and the tooth-space pattern which have periodicity in the direction 
corresponding to said 2nd direction, computing the line breadth outlying observation of each of said 
Rhine pattern as said predetermined processing based on the intersection of said photo-electric- 
conversion signal and predetermined slice level, and searching for the comatic aberration of said 
projection optics based on this calculation result. 

[Claim 17] Said pattern is Rhine and the tooth-space pattern which have periodicity in the direction 
corresponding to said 2nd direction. As said predetermined processing The 1st fundamental- 
frequency component corresponding to the pitch of each of said Rhine pattern of said photo-electric- 
conversion signal, The image formation property measurement approach according to claim 8 
characterized by computing phase contrast with the 2nd frequency component corresponding to the 
width of face of said Rhine and the whole tooth-space pattern, and searching for the comatic 
aberration of said projection optics based on this calculation result. 

[Claim 18] Said pattern is a symmetry mark pattern which has at least two kinds of Rhine patterns 
with which the line breadth arranged at intervals of predetermined in the direction corresponding to 
said 2nd direction differs. As said predetermined processing The image formation property 
measurement approach according to claim 8 characterized by computing a gap of the symmetric 
property of the space image of said pattern based on the intersection of said photo-electric- 
conversion signal and predetermined slice level, and searching for the comatic aberration of said 
projection optics based on this calculation result. 

[Claim 19] In order to be the space image metering device which measures the space image of the 
predetermined pattern formed of projection optics and to form the space image of said pattern on the 
image surface through said projection optics, The lighting system which illuminates said pattern; 
while extending in the 1st direction in a two-dimensional flat surface perpendicular to the optical 
axis of said projection optics It is the following (lambda/N.A.) to which the width of face of the 2nd 
direction perpendicular to this **(ed) wavelength lambda of said illumination light by numerical- 
aperture N.A. of said projection optics more greatly than zero. The slit plate which has at least one 
slit; Photo electric conversion of said illumination light which penetrated said slit plate is carried out. 
The optoelectric transducer which outputs the photo-electric-conversion signal according to the 
reinforcement of said illumination light which penetrated said slit; where said pattern was 
illuminated by said lighting system and said space image is formed on said image surface The 
processor which measures the optical intensity distribution corresponding to said space image based 
on the photo-electric-conversion signal from said optoelectric transducer while scanning said slit 
plate in said 2nd direction in said two-dimensional flat surface near [ said ] the image surface, and a 
space image metering device equipped with;. 

[Claim 20] The substrate stage which is the aligner which imprints to a substrate the circuit pattern 
formed in the mask through projection optics, and holds said substrate; the aligner with which said 
slit plate is equipped with the space image metering device according to claim 19 which consisted of 
said substrate stages and one movable. 

[Claim 21] The aligner according to claim 20 characterized by having further the control unit which 
measures the optical intensity distribution corresponding to the space image of various mark 
patterns, and searches for the image formation property of said projection optics based on the data of 
said the measured optical intensity distribution using said space image metering device. 
[Claim 22] The mark detection system which detects the location of the mark on said substrate stage; 
the aligner according to claim 20 characterized by having further the control unit which detects the 
relative-position relation between the projection location of the pattern of said mask by said 
projection optics, and said mark detection system using said space image metering device. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the space image measurement approach, the image- 
formation property measurement approach, a space image metering device, and an aligner, and 
relates to the space image metering device for performing the image-formation property 
measurement approach which measures the image- formation property of projection optics using the 
space image measurement approach and this space image measurement approach of measuring in 
more detail the space image formed in the image surface from projection optics, and said space 
image measurement approach, and an aligner equipped with this space image metering device. 
[0002] 

[Description of the Prior Art] Conventionally, in case a semiconductor device or a liquid crystal 
display component is manufactured at a photolithography process, the projection aligner imprinted 
on substrates, such as a wafer with which the photo mask or the pattern of a reticle (it is hereafter 
named a "reticle" genetically) was applied to sensitization agents, such as a photoresist, by the front 
face through projection optics, or a glass plate, for example, the contraction projection aligner of a 
step-and-repeat method, (the so-called stepper), the scanning projection aligner (the so-called 
scanning stepper) of step - and - scanning method, etc. are used. 

[0003] By the way, since it is necessary to accumulate a different circuit pattern on many layers, and 
to form it on a substrate to manufacture a semiconductor device etc., it is important to pile up 
correctly the reticle by which the circuit pattern was drawn, and the pattern already formed in each 
shot field on a substrate. In order to perform this superposition with a sufficient precision, it is 
indispensable that the image formation property of projection optics is adjusted to a desired 
condition. 

[0004] It is necessary to measure an image formation property correctly as a premise of adjustment 
of the image formation property of this projection optics. It exposes using the mask for measurement 
with which the predetermined pattern for measurement was formed as the measurement approach of 
this image-formation property, and the approach (it is hereafter called the "burning method") of 
computing an image-formation property based on the measurement result of having measured the 
resist image from which the projection image of the pattern for measurement develops the substrate 
by which imprint formation was carried out, and is acquired is mainly used. In addition, without 
actually exposing, the space image (projection image) of the pattern for measurement which 
illuminated the mask for measurement by the illumination light, and was formed of projection optics 
is measured, and the approach (it is hereafter called "space image mensuration") of computing an 
image formation property based on this measurement result is also performed. 
[0005] The conventional space image measurement was performed in general as follows. That is, as 
shown, for example in drawing 38 (A), the opening plate 123 with which the square opening 122 
was formed is installed on a substrate stage, the opening plate 123 is scanned in the direction of an 
arrow head A through a substrate stage to space image MP' of the pattern for measurement on the 
reticle for measurement formed of non-illustrated projection optics, and photo electric conversion of 
the illumination light which penetrated opening 122 is received and carried out by the optoelectric 
transducer. By this photo electric conversion, a photo-electric-conversion signal (signal on the 
strength [ optical ] corresponding to a space image) as shown in drawing 38 (B) is acquired. Next, a 
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differential wave as shown in drawing 38 (C) by differentiating the wave of a photo-electric- 
conversion signal as shown in this drawing 38 (B) to a scanning direction is searched for. And based 
on a differential wave as shown in this drawing 38 (C), predetermined signal processing with the 
well-known Fourier transform etc. is performed, and it asks for the optical image (space image) with 
which the measurement mark was projected. 

[0006] About detection of the distortion of the projection optics based on measurement and this of 
this space image etc., it is indicated by ****** 10-209031 ******** etc. at the detail, for example. 
[0007] 

[Problem(s) to be Solved by the Invention] However, if it was in the above-mentioned conventional 
space image measurement approach, since big opening was made to scan and space image 
reinforcement was measured, as shown in drawing 38 (B), a result in which the big low-frequency 
component in addition to the spatial- frequency component by which the profile of a space image is 
characterized is intermingled had been brought. The S/N ratio of the signal component which 
reflected the profile of a space image as a result from there being a limitation in the dynamic range 
of a latter signal-processing system, and on the other hand this resolving power (for example, the 
present condition about 16 bits) to the dynamic range of a signal-processing system being restricted 
could not but become small. For this reason, it was weak in the noise and it difficult for degradation 
of an image profile to become large in case it changes into a space image signal on the strength from 
a space image, and to measure a space image in sufficient precision. 

[0008] In addition, also in the former, the equipment which mainly scans a slit to the space image of 
a pattern for the purpose of detection of the image formation location of a pattern is indicated by 
JP,58-7823,A etc. However, with the equipment indicated by this official report, slit width was 
determined corresponding to the configuration of a mask pattern (reference pattern). For this reason, 
it was difficult to measure correctly the space image of the pattern of various configurations 
(magnitude is included). 

[0009] This invention was made under this situation and the 1st purpose is in offering the space 
image measurement approach and space image metering device which can measure a space image in 
sufficient precision. 

[0010] Moreover, the 2nd purpose of this invention is to offer the image formation property 
measurement approach which can measure the image formation property of projection optics with a 
sufficient precision. 

[001 1] Moreover, the 3rd purpose of this invention is to offer the aligner which can aim at 

improvement in exposure precision. 

[0012] 

[Means for Solving the Problem] Generally, the resolution (resolution) R of the projection optics 
with which an aligner is equipped is expressed with the relation between R=kxlambda/N. A. (lambda 
is a constant (process multiplier) as which the wavelength of the illumination light and N.A. are 
determined by the numerical aperture of projection optics besides the resolution of a resist, and k is 
determined according to a process) as the formula of Rayleigh is sufficient and it is known. Then, as 
a result of an artificer's conducting various experiments etc. paying attention to this point, it became 
clear that a good result was obtained in space image measurement by defining the width of face of 
the scanning direction of opening used for space image measurement at least in consideration of one 
side with the wavelength lambda of the illumination light, and numerical-aperture N.A. of projection 
optics. The space image measurement approach concerning this invention is made based on the new 
knowledge which this artificer acquired. 

[0013] Invention according to claim 1 is the space image measurement approach which measures the 
space image of the predetermined pattern formed of projection optics (PL). The process which 
illuminates said pattern and forms the space image of this pattern on the image surface through said 
projection optics by the illumination light (IL); while extending in the 1st direction in a two- 
dimensional flat surface perpendicular to the optical axis of said projection optics While the width of 
face of the 2nd direction of [ within said two-dimensional flat surface perpendicular to this ] scans 
the slit plate (90) which has at least one slit defined in consideration of the wavelength lambda of 
said illumination light in said 2nd direction in said two-dimensional flat surface near [ said ] the 
image surface The process and; which acquire the photo-electric-conversion signal according to the 
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reinforcement of said illumination light which carried out photo electric conversion of said 
illumination light which penetrated said slit, and penetrated said slit are included. 
[0014] According to this, by the illumination light, a predetermined pattern is illuminated and the 
space image of this pattern is formed on the image surface through projection optics. And while 
extending in the 1st direction to this space image in a two-dimensional flat surface perpendicular to 
the optical axis of projection optics While the width of face of the 2nd direction of [ within said two- 
dimensional flat surface perpendicular to this ] scans the slit plate which has at least one slit defined 
in consideration of the wavelength lambda of the illumination light in the 2nd direction in said two- 
dimensional flat surface near the image surface The photo-electric-conversion signal according to the 
reinforcement of the illumination light which carried out photo electric conversion of the 
illumination light which penetrated the slit, and penetrated the slit is acquired. And a space image 
(distribution of image reinforcement) can be obtained by performing predetermined processing to 
this photo-electric-conversion signal. 

[0015] That is, the space image of a predetermined pattern can be obtained with a slit scan method. 
In this case, since the width of face of the scanning direction of a slit is defined in consideration of 
the wavelength of the illumination light, it becomes possible to measure a space image in sufficient 
precision. 

[0016] Invention according to claim 2 is the space image measurement approach which measures the 
space image of the predetermined pattern formed of projection optics. The process which illuminates 
said pattern and forms the space image of this pattern on the image surface through said projection 
optics by the illumination light; while extending in the 1st direction in a two-dimensional flat surface 
perpendicular to the optical axis of said projection optics While the width of face of the 2nd direction 
of [ within said two-dimensional flat surface perpendicular to this ] scans the slit plate which has at 
least one slit defined in consideration of numerical-aperture N.A. of said projection optics in said 
2nd direction in said two-dimensional flat surface near [ said ] the image surface The process and; 
which acquire the photo-electric-conversion signal according to the reinforcement of said 
illumination light which carried out photo electric conversion of said illumination light which 
penetrated said slit, and penetrated said slit are included. 

[0017] According to this, by the illumination light, a predetermined pattern is illuminated and the 
space image of this pattern is formed on the image surface through projection optics. And while 
extending in the 1st direction to this space image in a two-dimensional flat surface perpendicular to 
the optical axis of projection optics While the width of face of the 2nd direction of [ within said two- 
dimensional flat surface perpendicular to this ] scans the slit plate which has at least one slit defined 
in consideration of numerical-aperture N.A. of projection optics in the 2nd direction in said two- 
dimensional flat surface near the image surface The photo-electric-conversion signal according to the 
reinforcement of the illumination light which carried out photo electric conversion of the 
illumination light which penetrated the slit, and penetrated the slit is acquired. And a space image 
(distribution of image reinforcement) can be obtained by performing predetermined processing to 
this photo-electric-conversion signal. 

[001 8] That is, the space image of a predetermined pattern can be obtained with a slit scan method. 
In this case, since the width of face of the scanning direction of a slit is defined in consideration of 
the numerical aperture of projection optics, it becomes possible to measure a space image in 
sufficient precision. 

[0019] As for the width of face of said 2nd direction of said slit, in the space image measurement 
approach concerning each invention given in above-mentioned claims 1 and 2, it is desirable like 
invention according to claim 3 that it is the following (lambda/N.A.) which **(ed) wavelength 
lambda of said illumination light by numerical-aperture N.A. of said projection optics more greatly 
than zero. Since the width of face of the scanning direction of a slit is defined in consideration of 
both wavelength lambda which is two parameters which affect resolution, and numerical-aperture 
N.A. in this case, even if compared with each invention given in claims 1 and 2, it becomes possible 
to measure a space image with a much more sufficient precision. That the width of face of the 
scanning direction of a slit presupposed that it is the following (lambda/N.A.) here An artificer the 
width of face (it considers as 2D) of the scanning direction of a slit as 2D=f(lambda/N.A.) =n- 
(lambda/N.A.) [ 1st ] So that it may be because the good result (result practical enough) was 
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obtained when it considered as a multiplier n= 1 as a result of repeating simulation, an experiment, 
etc. and conducting them and may mention later to the 2nd It is because the above-mentioned photo- 
electric-conversion signal becomes the convolution of SURITSU ** and the intensity distribution of 
a space image, so width-of-face 2D of the scanning direction of the slit from the field of 
measurement precision is so good that it is small. 

[0020] In this case, as for the width of face of said 2nd direction of said slit, it is much more 
desirable like invention according to claim 4 that they are 0.8 or less times of the above 
(lambda/N.A.). Like ****, the slit width from the field of measurement precision was so good that it 
was small, and when slit width 2D was 80% or less of lambda/(N.A.) according to the simulation and 
the experiment which the artificer conducted, the much more practical thing was checked. 
[0021] However, since the optical reinforcement which penetrates a slit will become small too much 
and measurement will become difficult if the constraint from a throughput side is taken into 
consideration, and 2D is too small, a certain amount of magnitude is required. 
[0022] In the space image measurement approach concerning each invention of a publication, the 
width of face of said 2nd direction of said slit is good for above-mentioned claims 1 and 2 like 
invention according to claim 5 also as being odd times the one half of the minimum pitch which are 
Rhine of the resolution limit which becomes settled according to lighting conditions including the 
classification of said illumination light and said pattern, and a pitch of a tooth-space pattern. 
[0023] Here, in the case of the phase shift pattern, i.e., pattern of the phase shift mask (phase shift 
reticle) which adopted the phase shift method, which does not use a phase shift method etc. under 
conventional lighting, it is checked by the above-mentioned minimum pitch usually serving as 
lambda/N.A. mostly in the case of a pattern that a minimum pitch becomes lambda/(2 N. A.) mostly. 
In addition, a halftone mold, the Levenson mold, etc. are mentioned as a phase shift mask. 
[0024] In the space image measurement approach concerning each invention given in above- 
mentioned claims 1 and 2, the width of face of said 2nd direction of said slit is good like invention 
according to claim 6 also as specifying the numerical aperture of lambda and said projection optics 
as odd times of {lambda/(2 N.A.)} in it, using wavelength of said illumination light as N.A. 
[0025] In each invention given in above-mentioned claims 1-6, the Fourier transform of said photo- 
electric-conversion signal is carried out like invention according to claim 7, and spatial- frequency 
distribution is searched for, and this ****** spatial-frequency distribution can be again broken by 
known frequency spectrum of said slit, and it can change into the spectrum distribution of the 
original space image, and suppose that the process which recovers the original space image is 
included further by carrying out the inverse Fourier transform of this spectrum distribution. 
[0026] Invention according to claim 8 is the image formation property measurement approach which 
measures the image formation property of projection optics. A predetermined pattern is illuminated 
by the illumination light. Said projection optics is minded for the space image of this pattern. The 
process formed on the image surface; while scanning the slit plate which has at least one slit of the 
predetermined width of face prolonged in the 1st direction in a two-dimensional flat surface 
perpendicular to the optical axis of said projection optics in said 2nd direction perpendicular to said 
1st direction in said two-dimensional flat surface near [ said ] the image surface The process which 
acquires the photo-electric-conversion signal according to the reinforcement of said illumination 
light which carried out photo electric conversion of said illumination light which penetrated said slit, 
and penetrated said slit; the process and; which perform predetermined processing to said photo- 
electric-conversion signal, and search for the image formation property of said projection optics are 
included. 

[0027] According to this, by the illumination light, a predetermined pattern is illuminated and the 
space image of this pattern is formed on the image surface through projection optics. The photo- 
electric-conversion signal according to the reinforcement of the illumination light which carried out 
photo electric conversion of the illumination light which penetrated the slit, and penetrated the slit in 
this condition while scanning the slit plate which has at least one slit of the predetermined width of 
face prolonged in the 1st direction in a two-dimensional flat surface perpendicular to the optical axis 
of projection optics in the 2nd direction perpendicular to the 1st direction in said two-dimensional 
flat surface near the image surface is acquired. And predetermined processing is performed to this 
photo-electric-conversion signal, and the image formation property of projection optics is searched 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/16/2006 



JP,2002-014005,A [DETAILED DESCRIPTION] 



Page5 of 31 



for. 

[0028] That is, since the space image of a predetermined pattern can be obtained, predetermined 
processing is performed to this acquired photo-electric-conversion signal and the image formation 
property of projection optics is searched for with a slit scan method, it becomes possible to measure 
the image formation property of projection optics with a sufficient precision. 

[0029] Like invention according to claim 9, in this case, said pattern When it is Rhine and the tooth- 
space pattern which have periodicity in the direction corresponding to the 2nd direction, detection of 
said photo-electric-conversion signal, changing the location of said direction of an optical axis of 
said slit plate as a multiple-times repeat and said predetermined processing The Fourier transform of 
two or more photo-electric-conversion signals acquired by said repeat is carried out, respectively. 
The contrast which is the gain of each primary frequency component and 0th frequency component 
can be searched for, and suppose that the best focus location of said projection optics is detected by 
detecting the location of said direction of an optical axis corresponding to the photo-electric- 
conversion signal with which this contrast serves as max. Since the above-mentioned contrast 
changes sensitively according to a focal location (the amount of defocusing), according to this 
invention, it can measure the best focus location of projection optics often [ precision ] and easily 
(decision). 

[0030] In this case, suppose that the process which detects the image surface configuration of said 
projection optics is included further like invention according to claim 10 by performing detection of 
said best focus location repeatedly about two or more points from which the distance from the 
optical axis of said projection optics differs. It becomes possible to search for the image surface 
easily and correctly by performing detection of a best focus location repeatedly about two or more 
points from which the distance from the optical axis of said projection optics differs, and performing 
a statistical procedure based on the detection result, since the image surface, i.e., the best image 
formation side, is a field which consists of the set of the best focus point in the countless point 
(namely, countless point that the so-called height of an image differs) that the distance from an 
optical axis differs. 

[0031] Suppose that the process which performs detection of said best focus location in the optical 
axis of said projection optics to above-mentioned claim 9 like invention according to claim 1 1 
repeatedly about said two or more Rhine of a different pitch and a tooth-space pattern, and asks it for 
the spherical aberration of said projection optics in the image formation property measurement 
approach concerning invention of a publication based on the difference of said best focus location 
corresponding to said each pattern is included further. It is one of the aperture aberration of optical 
system, and when a bundle of rays with various openings from the object point on an optical axis 
carries out incidence of the spherical aberration to optical system, it is a phenomenon in which the 
corresponding image point does not carry out image formation to one point. Therefore, based on the 
difference of two or more Rhine of a pitch which is different in detection of the best focus location in 
the optical axis of projection optics and a tooth-space pattern ****** repeat deed, and the best focus 
location corresponding to each pattern, spherical aberration can be easily searched for by the 
operation. 

[0032] In the image formation property measurement approach concerning invention given in above- 
mentioned claim 8 like invention according to claim 12 said pattern It is the pattern with which the 
width of face of said 2nd direction contains at least one larger rectangle pattern than the width of 
face of said 2nd direction of said slit. Formation of said space image and detection of said photo- 
electric-conversion signal are repeatedly performed about the space image of said pattern projected 
on the location where it differs in the image field of said projection optics. As said predetermined 
processing The phase of two or more photo-electric-conversion signals of each, acquired by said 
repeat, is detected. Based on the result of this phase detection, the location of the space image 
corresponding to said each photo-electric-conversion signal can be computed, respectively, and 
suppose that it asks for at least the distortion of said projection optics, and one side of a scale factor 
based on this calculation result. 

[0033] Here, distortion is the aberration of the projection optics which becomes the image at which 
what should become a straight line essentially around in the image field turned, like the case where 
there is a scale-factor error by distortion, a pattern image shifts from the position on the image 
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surface, and image formation (carrying out a strike slip) is carried out. 

[0034] Since it can ask for a location gap of the space image of the pattern projected on the location 
where it differs in the image field of projection optics by the technique of phase detection with a 
respectively sufficient precision according to this invention, either [ at least ] distortion or a scale 
factor is measurable with a sufficient precision as a result. It is because it will become difficult under 
the effect of other aberration, such as comatic aberration, to measure distortion correctly if having 
presupposed the pattern that the width of face of the 2nd direction contains at least one larger 
rectangle pattern than the width of face of the 2nd direction of a slit here has the width of face of the 
2nd direction of a pattern smaller than a slit. 

[0035] In the image formation property measurement approach concerning invention given in above- 
mentioned claim 8 like invention according to claim 13 said pattern When the width of face of said 
2nd direction is a pattern containing at least one larger rectangle pattern than the width of face of 
said 2nd direction of said slit Formation of said space image and detection of said photo-electric- 
conversion signal are repeatedly performed about the space image of said pattern projected on the 
location where it differs in the image field of said projection optics. As said predetermined 
processing Based on the intersection of two or more photo-electric-conversion signals of each 
acquired by said repeat and predetermined slice level, the location of the space image corresponding 
to said each photo-electric-conversion signal is computed, respectively. Suppose that it asks for at 
least the distortion of said projection optics, and one side of a scale factor based on this calculation 
result. 

[0036] According to this invention, by the technique of edge detection using a slice method, it can 
ask for the location of the space image of the pattern projected on the location where it differs in the 
image field of projection optics with a respectively sufficient precision, and distortion can be 
measured with a sufficient precision as a result. Here, a pattern depends on the same reason [ that we 
decided that the width of face of the 2nd direction contains at least one larger rectangle pattern than 
the width of face of the 2nd direction of a slit ] as the case of claim 12. 

[0037] In the image formation property measurement approach of a publication, said pattern is good 
for above-mentioned claim 8 as a whole like invention according to claim 14 also as being Rhine and 
the tooth-space pattern which have periodicity in said 1st direction by the shape of a rectangle. In 
this case, the signal of the time of a relative scan being carried out in the direction perpendicular to 
the periodic direction of a pattern, and a slit carrying out the slit scan of the rectangle pattern of the 
shape of the whole pattern configuration and isomorphism as a result with a slit scan method, when 
detection of the space image of a predetermined pattern is performed, and the same space image can 
be acquired. Space image measurement equivalent to the time of using this mark pattern is attained 
without actually forming by this, the BOX mark (inner BOX mark) pattern of 10-micrometer angle 
with which formation was made difficult in the latest CMP process, since dishing arises. 
[0038] Like invention according to claim 15, in this case, formation of said space image, and 
detection of said photo-electric-conversion signal It carries out repeatedly about the space image of 
said pattern projected on the location where it differs in the image field of said projection optics. As 
said predetermined processing Based on the intersection of two or more photo-electric-conversion 
signals of each acquired by said repeat and predetermined slice level, the location of the space image 
corresponding to said each photo-electric-conversion signal is computed, respectively. It is good also 
as asking for at least the distortion of said projection optics, and one side of a scale factor based on 
this calculation result. 

[0039] In the image formation property measurement approach concerning invention given in above- 
mentioned claim 8 like invention according to claim 16 said pattern When it is Rhine and the tooth- 
space pattern which have periodicity in the direction corresponding to said 2nd direction, as said 
predetermined processing Based on the intersection of said photo-electric-conversion signal and 
predetermined slice level, the line breadth outlying observation of each of said Rhine pattern can be 
computed, and suppose that the comatic aberration of said projection optics is searched for based on 
this calculation result. 

[0040] Comatic aberration is the aberration of the lens by scale factors differing by the various zona 
orbicularis of a lens, and is produced into the part of the image of the distance which is separated 
from the main shaft of projection optics. Therefore, in the location distant from the optical axis, the 
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line breadth of each Rhine pattern will differ among the space images of Rhine and a tooth-space 
pattern according to comatic aberration. Therefore, according to this invention which detects the line 
breadth outlying observation of each Rhine pattern by the technique of edge detection using a slice 
method, it becomes possible to measure comatic aberration often [ precision ] and easily. 
[0041] In the image formation property measurement approach concerning invention given in above- 
mentioned claim 8 like invention according to claim 17 said pattern When it is Rhine and the tooth- 
space pattern which have periodicity in the direction corresponding to said 2nd direction, as said 
predetermined processing The phase contrast of the 1st fundamental-frequency component 
corresponding to the pitch of each of said Rhine pattern of said photo-electric-conversion signal and 
the 2nd frequency component corresponding to the width of face of said Rhine and the whole tooth- 
space pattern can be computed, and suppose that the comatic aberration of said projection optics is 
searched for based on this calculation result. Since it is greatly influenced of comatic aberration so 
that the width of face of the scanning direction of the pattern set as the object of space image 
measurement is narrow, the effect of comatic aberration to the space image of each Rhine pattern of 
Rhine and a tooth-space pattern and the effect of comatic aberration to the space image of the pattern 
at the time of putting Rhine and the whole tooth-space pattern at one pattern are different. Therefore, 
the phase contrast of the 1st fundamental-frequency component corresponding to the pitch of each 
Rhine pattern of a photo-electric-conversion signal and the 2nd frequency component corresponding 
to the width of face of Rhine and the whole tooth-space pattern is computed, and according to this 
invention which searches for the comatic aberration of projection optics based on this calculation 
result, the comatic aberration of projection optics can be searched for with a sufficient precision by 
the technique of phase detection. 

[0042] In die image formation property measurement approach concerning invention given in above- 
mentioned claim 8 like invention according to claim 18 said pattern When it is the symmetry mark 
pattern which has at least two kinds of Rhine patterns with which the line breadth arranged at 
intervals of predetermined in the direction corresponding to said 2nd direction differs, as said 
predetermined processing Based on the intersection of said photo-electric-conversion signal and 
predetermined slice level, a gap of the symmetric property of the space image of said pattern can be 
computed, and suppose that the comatic aberration of said projection optics is searched for based on 
this calculation result. As a result of carrying out the location gap of the space image of the Rhine 
pattern with the thin width of face of a scanning direction greatly under the effect of comatic 
aberration, as for the space image of the symmetry mark pattern which has two or more kinds of 
Rhine patterns with which the line breadth arranged at intervals of predetermined in the direction 
corresponding to a scanning direction differs, the symmetric property shifts greatly, so that comatic 
aberration is large. Therefore, by the technique of edge detection using a slice method, a gap of the 
symmetric property of the space image of said symmetric-property mark pattern is computed, and 
according to this invention which searches for the comatic aberration of projection optics based on 
the calculation result, the comatic aberration of projection optics can be searched for with a sufficient 
precision. 

[0043] In order for invention according to claim 19 to be a space image metering device which 
measures the space image of the predetermined pattern formed of projection optics and to form the 
space image of said pattern on the image surface through said projection optics, The lighting system 
which illuminates said pattern (10); while extending in the 1st direction in a two-dimensional flat 
surface perpendicular to the optical axis of said projection optics It is the following (lambda/N.A.) to 
which the width of face of the 2nd direction perpendicular to this **(ed) wavelength lambda of said 
illumination light by numerical-aperture N.A. of said projection optics more greatly than zero. The 
slit plate which has at least one slit (90); Photo electric conversion of said illumination light which 
penetrated said slit plate is carried out. The optoelectric transducer which outputs the photo-electric- 
conversion signal according to the reinforcement of said illumination light which penetrated said slit 
(24); where said pattern was illuminated by said lighting system and said space image is formed on 
said image surface While scanning said slit plate in said 2nd direction in said two-dimensional flat 
surface near [ said ] the image surface, it has the processor (20) and; which measure the optical 
intensity distribution corresponding to said space image based on the photo-electric-conversion 
signal from said optoelectric transducer. 
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[0044] According to this, by the lighting system, a predetermined pattern is illuminated and the 
space image of this pattern is formed on the image surface through projection optics. And while the 
slit plate which has at least one slit prolonged in the 1st direction to the formed space image with a 
processor in a two-dimensional flat surface perpendicular to the optical axis of projection optics is 
scanned in the 2nd direction in said two-dimensional flat surface near the image surface Based on the 
photo-electric-conversion signal (electrical signal which carried out photo electric conversion of the 
illumination light which penetrated the slit during the scan) from an optoelectric transducer, the 
optical intensity distribution corresponding to a space image are measured. That is, it does in this 
way and the space image of a predetermined pattern is measured by the slit scan method. Moreover, 
since the width of face of the scanning direction of the slit formed in the slit plate in this case is the 
following (lambda/N.A.), it can measure a space image in practically sufficient high precision like 
above-mentioned claim 3. 

[0045] The substrate stage which invention according to claim 20 is an aligner which imprints the 
circuit pattern formed in the mask (R) to a substrate (W) through projection optics (PL), and holds 
said substrate (WST); said slit plate (90) is equipped with the space image metering device according 
to claim 19 which consisted of said substrate stages and one movable. 

[0046] A space image metering device enables it to measure the space image of the various patterns 
for measurement with high precision, forming the various patterns for measurement in a mask, and 
moving a slit plate to it by the substrate stage and one, for example according to this, since a slit 
plate is equipped with the space image metering device according to claim 18 which consisted of a 
substrate stage and one movable. Therefore, improvement in exposure precision is attained as a 
result by performing initial adjustment of the image formation property of projection optics etc., 
using this measurement result. 

[0047] In this case, like invention according to claim 21, using said space image metering device, the 
optical intensity distribution corresponding to the space image of various mark patterns can be 
measured, and suppose that it has further the control unit (20) which searches for the image 
formation property of said projection optics based on the data of said those measured optical 
intensity distribution. By the control unit, in this case, the optical intensity distribution corresponding 
to the space image of various mark patterns are measured, and it is asked for the image formation 
property of projection optics based on the data of the measured optical intensity distribution. 
Therefore, the thing which is the need and for which the image formation property of projection 
optics is searched for by the way becomes possible, and it becomes possible to adjust the image 
formation property of projection optics in advance of exposure initiation according to this image 
formation property searched for. Therefore, improvement in exposure precision is attained. 
[0048] The mark detection system which detects the location of the mark on said substrate stage like 
invention according to claim 22 in the aligner concerning invention of a publication to above- 
mentioned claim 20 (ALG1 or ALG2); suppose that it has further the control unit which detects the 
relative-position relation between the projection location of the pattern of said mask by said 
projection optics, and said mark detection system using said space image metering device. In this 
case, the relative-position relation (namely, the so-called amount of base lines of a mark detection 
system) between the projection location of the pattern of said mask by said projection optics, i.e., the 
image formation location of the space image of said pattern, and a mark detection system is detected 
by the control unit using a space image metering device. In this case, since the projection location of 
a mask pattern is directly measurable in measurement of the amount of base lines with a space image 
metering device, compared with the case where the projection location of a mask pattern is indirectly 
measured using a reference mark plate and a reticle microscope, measurement of the amount of base 
lines with a high precision is possible. Therefore, improvement in exposure precision is attained by 
improvement in the superposition precision of a mask and a substrate by controlling the location of a 
substrate at the time of exposure etc. using this amount of base lines. 
[0049] 

[Embodiment of the Invention] « - 1st operation gestalt» - the 1st operation gestalt of this 
invention is hereafter explained based on drawing 1 thru/or drawing 34 . 

[0050] The rough configuration of the aligner 100 concerning the 1st operation gestalt is shown in 
drawing 1 . This aligner 100 is step - and the scanning projection aligner of - scanning method, i.e., 
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the so-called scanning stepper. 

[0051] This aligner 100 is equipped with the control system which holds the illumination system 10 
containing the light source and an illumination-light study system, the reticle stage RST holding the 
reticle R as a mask, projection optics PL, and the wafer W as a substrate, and controls the wafer 
stage WST as a substrate stage movable free, and these for the inside of XY flat surface. 
[0052] Said illumination system 10 is constituted including a reticle blind, a condensing lens system, 
etc. as the light source, illuminance equalization optical system (it consists of a collimator lens, a fly 
eye lens, etc.), a relay lens system, and a lighting field diaphragm (all are illustration abbreviations at 
drawing 1 \ 

[0053] As said light source, the excimer laser which outputs KrF excimer laser light (wavelength of 
248nm) or ArF excimer laser light (wavelength of 193nm) shall be used as an example here. 
[0054] Said reticle blind consists of movable reticle blinds 12 (refer to an illustration abbreviation 
and drawing 2 in drawing 1 ) adjustable in the fixed reticle blind and the opening configuration 
where it does not illustrate [ of immobilization of an opening configuration ]. A fixed reticle blind is 
arranged in the field slightly defocused from the conjugation side over the pattern side of Reticle R, 
and rectangle opening which specifies the lighting field IAR of the shape of a rectangle slit on 
Reticle R is formed. Moreover, the movable reticle blind 12 is arranged in the conjugation side over 
the pattern side of the reticle R near the fixed reticle blind, and the location and width of face of a 
direction corresponding to the scanning direction (here, it considers as Y shaft orientations which are 
the space rectangular cross directions in drawing 1 ) and the non-scanning direction (X shaft 
orientations which are space longitudinal directions in drawing 1 ) at the time of scan exposure have 
adjustable opening, respectively. 

[0055] According to the illumination system 10, after the illumination light (it is hereafter called "the 
illumination light IL") as an exposure light generated in the light source passes a non-illustrated 
shutter, it is changed into the flux of light with almost uniform illumination distribution according to 
illuminance equalization optical system. The illumination light IL injected from illuminance 
equalization optical system reaches said reticle blind through a relay lens system. The flux of light 
which passed this reticle blind illuminates the lighting field (the width of face of elongation Y shaft 
orientations is the lighting field of the shape of a rectangle slit of predetermined width of face long 
and slender to X shaft orientations) IAR of Reticle R on which the relay lens system and the 
condensing lens system were passed, and the circuit pattern etc. was drawn with a uniform 
illuminance. 

[0056] In addition, the movable reticle blind 12 is controlled by the main control unit 20 at the time 
of initiation of scan exposure, and termination, and exposure of an unnecessary part is prevented by 
restricting the lighting field IAR further. Moreover, the movable reticle blind 12 is used also for a 
setup of the lighting field in the case of measurement of the space image by the space image 
measuring instrument mentioned later with this operation gestalt. 

[0057] Reticle R is being fixed by for example, vacuum adsorption (or electrostatic adsorption) on 
said reticle stage RST. A reticle stage RST is movable here at the scan speed specified as Y shaft 
orientations in the reticle non-illustrated base top while it can be driven very small two-dimensional 
in XY flat surface perpendicular to the optical axis AX of the projection optics PL later mentioned 
by the reticle stage drive system which is not illustrated containing a linear motor etc. (to hand of cut 
of the circumference of the Z-axis which intersects perpendicularly with Y shaft orientations and XY 
flat surface which intersect perpendicularly with X shaft orientations and this (the direction of 
thetaz)). This reticle stage RST has the migration stroke of Y shaft orientations to which the whole 
surface of Reticle R can cross the optical axis AX of projection optics PL at least. 
[0058] On the reticle stage RST, the migration mirror 15 which reflects the laser beam from the 
reticle laser interferometer (henceforth a "reticle interferometer") 13 is being fixed, and the location 
within XY side of a reticle stage RST is always detected by the reticle interferometer 13 with the 
resolution of about 0.5-lnm. here, on a reticle stage RST, the migration mirror which has the 
reflector which intersects perpendicularly with the migration mirror which has the reflector which 
intersects perpendicularly with the scanning direction at the time of scan exposure (Y shaft 
orientations), and a non-scanning direction (X shaft orientations) prepares in fact — having — the 
reticle interferometer 13 — these are typically shown for biaxial ************** to y s h a ft 
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orientations by drawing 1 as the migration mirror 15 and a reticle interferometer 13 at one shaft and 
X shaft orientations. 

[0059] The positional information of the reticle stage RST from the reticle interferometer 13 is sent 
to the main control unit 20 which consists of a workstation (or microcomputer), and carries out drive 
control of the reticle stage RST through a reticle stage drive system based on the positional 
information of a reticle stage RST in a main control unit 20. 

[0060] said projection optics PL can be set to drawing 1 of a reticle stage RST — it is arranged 
caudad and the direction of the optical axis AX considers as Z shaft orientations — having — here — a 
both-sides tele cent — it is a rucksack contraction system and the dioptric system which consists of 
two or more lens element arranged at intervals of predetermined along the optical-axis AX direction 
is used. The projection scale factor of this projection optics PL is one fifth as an example here. For 
this reason, if the slit-like lighting field IAR on Reticle R is illuminated by the illumination light IL 
from an illumination system 10, it will be formed in the exposure field [****/ the contraction image 
(partial inverted image) of the circuit pattern of the reticle R in that slit-like lighting field IAR / said 
lighting field IAR on the wafer W with which the photoresist was applied to the front face ] IA 
through projection optics PL of the illumination light IL which passed this reticle R. 
[0061] Said wafer stage WST is driven free in XY two-dimensional side (thetaz rotation is included) 
by the wafer stage drive system which is not illustrated [ which consists of a magnetic levitation 
mold two-dimensional linear actuator along stage base 16 top face ]. Here, since the two-dimensional 
linear actuator also has Z drive coil besides X drive coil and Y drive coil, the wafer stage WST has 
composition which can be driven very small also in the 3 degree-of-freedom directions of Z, theta x, 
and thetay. 

[0062] The wafer holder 25 is laid on the wafer stage WST, and Wafer W is held by vacuum 
adsorption (or electrostatic adsorption) with this wafer holder 25. 

[0063] In addition, what is necessary is to replace with the wafer stage WST, and just to carry the 
wafer holder 25 in the 3 degree-of-freedom directions of Z, theta x, and thetay on the two- 
dimensional migration stage through Z and the leveling table by which a very small drive is carried 
out with a voice coil motor etc., in using the two-dimensional migration stage driven only in XY 
two-dimensional side by drive systems, such as a linear motor or a flat-surface motor. 
[0064] On said wafer stage WST, the migration mirror 27 which reflects the laser beam from the 
wafer laser interferometer (henceforth a "wafer interferometer") 31 is fixed, and the location within 
XY side of the wafer stage WST is always detected with the resolution which is about 0.5-lnm by 
the wafer interferometer 31 arranged outside. 

[0065] here, on the wafer stage WST, the migration mirror which has the reflector which intersects 
perpendicularly with X shaft orientations which are the migration mirror and the non-scanning 
direction which have the reflector which intersects perpendicularly with Y shaft orientations which 
are scanning directions at the time of scan exposure prepares in fact — having — the wafer 
interferometer 31 - these are typically shown for biaxial ************** toY shaft orientations by 
drawing 1 as the migration mirror 27 and a wafer interferometer 31 at one shaft and X shaft 
orientations. The positional information (or rate information) of the wafer stage WST is sent to a 
main control unit 20, and controls the location within XY side of the wafer stage WST by the main 
control unit 20 through a non-illustrated wafer stage drive system based on said positional 
information (or rate information). 

[0066] Moreover, on the wafer stage WST, the space image measuring instrument 59 used for 
measurement of the image formation property of projection optics PL is formed. Here, the 
configuration of this space image measuring instrument 59 is explained in full detail. This space 
image instrumentation 59 is formed in the protrusion section 58a part in which the upper part 
established in the end section top face of the wafer stage WST carried out opening, as shown in 
drawing 2 . This space image measuring instrument 59 is formed in the light-receiving glass 82 of a 
plane view rectangle inserted in from the upper part in the condition of plugging up opening of 
protrusion section 58a, and the top face of this light-receiving glass 82. The relay optical system 
which consists of the reflective film 83 which serves as the light-shielding film by which the slit 22 
was formed in the part, and the lenses 84 and 86 arranged inside slit 22 lower-part wafer stage WST, 
The bending mirror 88 (here) which bends the optical path of the illumination-light bundle (image 
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flux of light) relayed by this relay optical system (84 86) by the predetermined optical path length 
And light-receiving optical system is constituted by lenses 84 and 86 and the mirror 88, it is 
constituted including the photosensor 24 grade as an optoelectric transducer. 

[0067] As a material of said light-receiving glass 82, good synthetic quartz or a good fluorite of the 
permeability of KrF excimer laser light or ArF excimer laser light etc. is used here. Moreover, the 
optoelectric transducer which can detect a feeble light with a sufficient precision as a photosensor 24 
(photo detector), for example, a photomultiplier etc., is used. In addition, with this operation gestalt, 
the slit plate is formed with light-receiving glass 82 and the reflective film 83. In the following 
explanation, the slit plate which consists of light-receiving glass 82 and the reflective film 83 shall 
be suitably called "the slit plate 90." Moreover, although the slit 22 is formed in the reflective film 
83 like the above-mentioned, it explains as that by which the slit 22 is formed below in the slit plate 
90 for convenience. 

[0068] In the case of measurement of the projection image (space image) which minds the projection 
optics PL of the pattern for measurement formed in Reticle R mentioned later with this operation 
gestalt If the slit plate 90 which constitutes the space image measuring instrument 59 by the 
illumination light IL which has penetrated projection optics PL is illuminated The illumination light 
IL which penetrated the slit 22 on the slit plate 90 is received with a photosensor 24 through the 
above-mentioned light-receiving optical system (84, 86, 88), and the photo-electric-conversion 
signal (quantity of light signal) P according to the light income is outputted to a main control unit 20 
from this photosensor 24. 

[0069] In addition, a photosensor 24 may arrange a photosensor 24 to the exterior of the wafer stage 
WST like space image instrumentation 59' which does not necessarily need to prepare in the interior 
of the wafer stage WST, for example, is shown in drawing 3 . In drawing 3 , two heights 58a and 58b 
by which the top face was mostly made the same side with the front face of Wafer W are formed in 
the wafer stage WST. The slit plate 90 constituted like the case of drawing 2 is formed in heights 
58a, and lenses 84 and 86 and a mirror 88 are arranged by the same physical relationship as drawing 
2 inside the wafer stage WST of this slit plate 90 lower part. In this case, the light guide 85 is also 
contained inside the wafer stage WST. This light guide 85 is arranged in the location [ **** / that 
incidence edge 85a / the light-receiving side in which the slit 22 was formed ]. moreover, the light 
transmission lens 87 with which injection edge 85b of this light guide 85 was fixed to the top face of 
heights 58b — it is arranged mostly just under. 

[0070] Above the light transmission lens 87, the light-receiving lens 89 of a major diameter is 
arranged compared with this light transmission lens 87. The photosensor 24 is arranged in upper 
injection edge 85b of this light-receiving lens 89, and a location [ **** ]. These light-receiving lens 
89 and a photosensor 24 maintain the above-mentioned physical relationship, and are contained in a 
case 92, and this case 92 is being fixed to the non-illustrated holddown member. 
[0071] In the case of measurement of the projection image (space image) which minds the projection 
optics PL of the pattern for measurement formed in Reticle R mentioned later in space image 
instrumentation 59 f of this drawing 3 If the slit plate 90 which constitutes space image measuring 
instrument 59 f by the illumination light IL which has penetrated projection optics PL is illuminated 
The illumination light IL which penetrated the slit 22 on the slit plate 90 carries out incidence to 
incidence edge 85a of a light guide 85 through a lens 84, a mirror 88, and a lens 86. After the light 
drawn by the light guide 85 is injected from the injection edge 85b, it is drawn by the exterior of the 
wafer stage WST through the light transmission lens 87. And the light drawn by the exterior of the 
wafer stage WST is received by the photosensor 24 through the light-receiving lens 89, and the 
photo-electric-conversion signal (quantity of light signal) P according to the light income is 
outputted to a main control unit 20 from this photosensor 24. 

[0072] In this case, since measurement of the projection image of the pattern for measurement is 
performed by the slit scan method, in that case, the light-receiving lens 89 and a photosensor 24 will 
move to the light transmission lens 87. So, in this space image measuring instrument 59 f , the 
magnitude of each lens is set up so that all the light through the light transmission lens 87 which 
moves within the limits of predetermined may carry out incidence to the light-receiving lens 89. 
[0073] Thus, the optical derivation section which derives the light through a slit 22 outside the wafer 
stage WST with the slit plate 90, lenses 84 and 86, a mirror 88, a light guide 85, and the light 
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transmission lens 87 is constituted, and the light sensing portion which receives the light drawn out 
of the wafer stage WST by the light-receiving lens 89 and the photosensor 24 consists of space 
image measuring instrument 59'. In this case, these light derivation section and a light sensing 
portion are separated mechanically. And only by facing space image measurement, the optical 
derivation section and a light sensing portion are optically connected through the light transmission 
lens 87 and the light-receiving lens 89. 

[0074] That is, in space image instrumentation 59', since the photosensor 24 is formed in the 
predetermined location of the exterior of the wafer stage WST, it originates in generation of heat of a 
photosensor 24, and does not have a bad influence on the measurement precision of a laser 
interferometer 31 etc. Moreover, since the exterior and the interior of the wafer stage WST are not 
connected by a light guide etc., the drive precision of the wafer stage WST does not receive a bad 
influence like [ when the exterior and the interior of the wafer stage WST are connected by the light 
guide ]. 

[0075] In addition, the space image measurement approaches performed using the space image 
measuring instrument 59 (or 59 f ), such as a configuration of the slit 22 on the slit plate 90 which 
constitutes the space image measuring instrument 59 (or 59'), and a dimension, and the measurement 
approach of an image formation property are explained in full detail behind. 
[0076] The off-axis alignment microscope ALG 1 as a mark detection system which detects the 
alignment mark on Wafer W (alignment mark) is formed in the side face of return and projection 
optics PL at drawing 1 . With this operation gestalt, the alignment sensor of the FIA (Filed Image 
Alignment) system of an image-processing method is used as this alignment microscope ALG 1. 
This alignment microscope ALG 1 is constituted including the light source 32 for alignment, a half 
mirror 34, the 1st objective lens 36, the 2nd objective lens 38, and image sensor (CCD) 40 grade, as 
shown in drawing 2 . Here, the halogen lamp which carries out outgoing radiation of the broadband 
illumination light as the light source 32 is used. Under this alignment microscope ALG 1, as shown 
in drawing 4 , by the illumination light from the light source 32, the alignment mark Mw on Wafer 
W is illuminated through a half mirror 34 and the 1st objective lens 36, and the reflected light from 
that alignment mark part is received at an image sensor 40 through the 1st objective lens 36, a half 
mirror 34, and the 2nd objective lens 38. Thereby, image formation of the light field image of the 
alignment mark Mw is carried out to the light-receiving side of an image sensor. And the photo- 
electric-conversion signal corresponding to this light field image, i.e., the signal on the strength 
[ optical ] corresponding to the reflected image of the ally noodle ** mark Mw, is supplied to a main 
control unit 20 from an image sensor 40. In a main control unit 20, while computing the location of 
the alignment mark Mw on the basis of the detection core of the alignment microscope ALG based 
on this signal on the strength [ optical ], based on that calculation result and the positional 
information of the wafer stage WST which is the output of the wafer interferometer 3 1 at that time, 
the coordinate location of the ally noodle ** mark Mw in the stage system of coordinates specified 
with the optical axis of the wafer interferometer 31 is computed. 

[0077] Furthermore, it has the light source by which turning on and off is controlled by the aligner 
100 of this operation gestalt with a main control unit 20 to be shown in drawin g 1 . Exposure optical- 
system 60a which irradiates the image formation flux of light for forming many pinholes or the 
image of a slit towards the image formation side of projection optics PL from the direction of slant to 
an optical axis AX, The multipoint focal location detection system (focal sensor) of the oblique 
incidence light type which consists of light-receiving optical-system 60b which receives the reflected 
light bundle in the wafer W front face of those image formation flux of lights is prepared. In a main 
control unit 20, when focal fluctuation arises in projection optics PL, by controlling the inclination to 
the optical axis of the parallel monotonous reflected light bundle which is not illustrated in light- 
receiving optical-system 60b, offset is given to a focal location detection system (60a, 60b) 
according to focal fluctuation of projection optics PL, and the calibration is performed. In addition, 
the detailed configuration of the focal location detection system (60a, 60b) of this operation gestalt 
and the same multipoint focal location detection system (focal sensor) is indicated by JP,6-283403,A 
etc. 

[0078] An automatic focus (automatic-focusing doubling) and auto leveling are performed by 
controlling Z location, the amount of pitching (thetax rotation), and the amount of rolling (thetay 
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rotation) of the wafer stage WST by the main control unit 20 through a non-illustrated wafer stage 
drive system so that a focal gap serves as zero based on the focal gap signal (defocusing signal), for 
example, S curve signal, from light-receiving optical-system 60b at the time of the scan exposure 
mentioned later etc. 

[0079] Next, actuation of the exposure process in the aligner 100 of this operation gestalt is 
explained briefly. 

[0080] First, Reticle R is conveyed by the non-illustrated reticle conveyance system, and adsorption 
maintenance is carried out in the reticle stage RST in a loading position. Subsequently, the location 
of the wafer stage WST and a reticle stage RST is controlled, by the main control unit 20, using the 
space image instrumentation 59, as the projection image (space image) of the reticle alignment mark 
which is not illustrated [ which was formed on Reticle R ] mentions later, it is measured (refer to 
drawing 2 ), and the projection location of a reticle pattern image is called for. That is, reticle 
alignment is performed. 

[0081] Next, the wafer stage WST is moved and the slit 22 which serves as a datum reference of the 
space image instrumentation 59 according to the alignment optical system ALG 1 is detected so that 
the space image instrumentation 59 may be located directly under the alignment microscope ALG 1 
with a main control unit 20. Signs that the slit 22 is detected by this alignment optical system ALG 1 
are shown in drawing 5 . In a main control unit 20, the measurement value of the detecting signal of 
this alignment microscope ALG 1 and the wafer interferometer 3 1 at that time and a list are asked for 
the projection location of the pattern image of Reticle R and the relative position of base lines with 
the alignment optical system ALG 1, i.e., the amount of the alignment microscope ALG 1, based on 
the projection location of the reticle pattern image for which it asked previously. 
[0082] After this base-line measurement is completed, by the main control unit 20, wafer alignment, 
such as EGA (en hunger strike global alignment) indicated by the detail, is performed to JP,61- 
44429,A etc., and the location of all the shot fields on Wafer W is called for. In addition, as the 
wafer alignment mark Mw of the predetermined sample shot as which it was beforehand determined 
of two or more shot fields on Wafer W mentioned above on the occasion of this wafer alignment 
using the alignment microscope ALG 1, it is measured by carrying out (refer to drawing 2 ). 
[0083] Subsequently, in a main control unit 20, while positioning the wafer stage WST to the scan 
starting position of the 1st shot field, carrying out the monitor of the positional information from 
interferometers 31 and 13 based on the positional information and the amount of base lines of each 
shot field on the wafer W for which it asked in the top, a reticle stage RST is positioned to a scan 
starting position, and scan exposure of the 1st shot field is performed. 

[0084] That is, in a main control unit 20, if the relative scan of Y shaft-orientations reverse sense of a 
reticle stage RST and the wafer stage WST is started and both the stages RST and WST reach each 
target scan speed, the pattern space of Reticle R will begin to be illuminated by the exposure light 
EL, and scan exposure will be started. Although luminescence of the light source is started in 
advance of initiation of this scan exposure, since the synchronousr control of the migration of each 
blade of the movable blind which constitutes a reticle blind with a main control unit 20 is carried out 
to migration of a reticle stage RST, it is the same as that of the usual scanning stepper that the 
exposure of the exposure light EL to the outside of the pattern space on Reticle R is shaded. 
[0085] In a main control unit 20, the synchronousr control of a reticle stage RST and the wafer stage 
WST is carried out so that the passing speed Vr of Y shaft orientations of a reticle stage RST and the 
passing speed Vw of X shaft orientations of the wafer stage WST may be especially maintained by 
the velocity ratio according to the projection scale factor of projection optics PL at the time of the 
above-mentioned scan exposure. 

[0086] And the field where the pattern spaces of Reticle R differ is serially illuminated by ultraviolet 
pulsed light, and when the lighting to the whole pattern space surface is completed, scan exposure of 
the 1st shot field on Wafer W is completed. Thereby, the contraction imprint of the circuit pattern of 
Reticle R is carried out to the 1st shot field through projection optics PL. 

[0087] In this way, termination of scan exposure of the 1st shot field performs stepping actuation 
between the shots which move the wafer stage WST to the scan starting position of the 2nd shot 
field. And scan exposure of the 2nd shot field is performed like ****. Henceforth, actuation with the 
same 3rd shot field or subsequent ones is performed. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



8/16/2006 



JP,2002-014005,A [DETAILED DESCRIPTION] 



Page 14 of 31 



[0088] Thus, the stepping actuation between shots and scan exposure actuation of a shot are 
repeated, and the pattern of Reticle R is imprinted by the step and the scanning method by all the 
shot fields on Wafer W. 

[0089] Here, during the above-mentioned scan exposure, the inclination to a wafer W front face, and 
spacing with projection optics PL (the image surface) and XY flat surface (image surface) is 
measured by projection optics PL by the focal sensor (60a, 60b) attached in one, and the wafer stage 
WST is controlled so that spacing of a wafer W front face and projection optics PL and parallelism 
always become fixed with a main control unit 20. 

[0090] By the way, in order for the pattern of Reticle R and the pattern already formed in the shot 
field on Wafer W to pile up correctly during the above-mentioned scan exposure, it is important that 
the image formation property and the amount of base lines of projection optics PL are measured 
correctly, that the image formation property of projection optics PL is adjusted to the desired 
condition, etc. 

[0091] With this operation gestalt, the space image measuring instrument 59 or 59' (hereafter, it 
represents and is described as "the space image measuring instrument 59") is used for measurement 
of the above-mentioned image formation property. Hereafter, the space image measurement by this 
space image measuring instrument 59, measurement of the image formation property of projection 
optics PL, etc. are explained in full detail. 

[0092] The condition of the midst that the space image of the pattern for measurement formed in 
Reticle R is measured is shown in drawing 2 using the space image instrumentation 59. As a reticle 
R, the thing only for space image measurement or the thing which formed the mark for measurement 
of dedication in the device reticle used for manufacture of a device is used. Instead of these reticles, 
the mark plate (called a reticle fiducial mark plate) of the immobilization which consists of the glass 
material of a reticle and this quality of the material may be formed in a reticle stage RST, and what 
formed the mark for measurement (pattern for measurement) in this mark plate may be used. 
[0093] Here, as shown in drawing 2 , the pattern PM for measurement which changes from Rhine 
and the space mark which have periodicity to X shaft orientations shall be formed in a predetermined 
part at Reticle R. Moreover, as shown in the slit plate 90 of the space image measuring instrument 59 
at drawing 6 (A), the slit 22 of predetermined width-of-face 2D extended to Y shaft orientations shall 
be formed. In addition, below, Rhine and a tooth space are suitably sketched as "last shipment." 
[0094] In measurement of a space image, the movable reticle blind 12 is driven through a non- 
illustrated blind driving gear with a main control unit 20, and the lighting field of the illumination 
light IL of Reticle R is specified only into the pattern PM part for measurement (refer to drawing 2 ). 
In this condition, if the illumination light IL is irradiated by Reticle R, as shown in drawing 2 , the 
light (illumination light IL) which diffracted with the pattern PM for measurement and was scattered 
about will be refracted according to projection optics PL, and space image (projection image) PM' of 
the pattern PM for measurement will be formed in the image surface of this projection optics PL. At 
this time, the wafer stage WST shall be set as the location where said space image PM f is formed in 
the +X side (or the -X side) of the slit 22 on the slit plate 90 of the space image measuring 
instrument 59. The top view of the space image measuring instrument 59 at this time is shown in 
drawing 6 (A). 

[0095] And with a main control unit 20, as the wafer stage WST is shown by the arrow head F in 
drawing 6 (A) through a wafer stage drive system, when it drives in the direction of +X, a slit 22 is 
scanned by X shaft orientations to space image PM 1 . During this scan, the light (illumination light 
IL) which passes a slit 22 is received with a photosensor 24 through the light-receiving optical 
system in the wafer stage WST (the optical derivation section and a light-receiving lens when [ or ] it 
is drawing 3 ), and that photo-electric-conversion signal is supplied at a main control unit 20. In a 
main control unit 20, the optical intensity distribution corresponding to space image PM* are 
measured through a non-illustrated signal-processing system based on the photo-electric-conversion 
signal. 

[0096] An example of the photo-electric-conversion signal (signal on the strength [ optical ]) P 
acquired in the case of the above-mentioned space image measurement is shown in drawing 6 (B). 
[0097] In this case, an image equalizes space image PM' under the effect of the width of face (2D) of 
the scanning direction of a slit 22, not a scanning direction but the scanning direction to the above- 
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mentioned space image, i.e., X shaft orientations, at the time of scan exposure. 
[0098] Therefore, the relation of on the strength signal m (x) which will be observed with intensity- 
distribution [ of a space image ] i (x) if m (x) can express [ the intensity distribution of p (x) and a 
space image ] a slit with the following (1) type for i (x) and the signal on the strength [ optical ] 
observed. Let the unit of intensity-distribution i (x) and on the strength signal m (x) be the 
reinforcement per unit length in this (1) type. 
[0099] 
[Equation 1] 

m{x) - fp{x-u) Hu)du -(I) 

[0100] 
[Equation 2] 

pW- v, —(2) 

[od*j>z» 

[0101] That is, on the strength signal m (x) observed becomes the convolution of intensity- 
distribution [ of SURITSU**p (x) and a space image ] i (x). 

[0102] Therefore, from the field of measurement precision, width-of-face (it is only hereafter called 
"slit width") 2D of the scanning direction of a slit is so good that it is small. 

[0103] As a function f of the wavelength lambda of the illumination light IL, and numerical-aperture 
N.A. of projection optics PL (lambda/N.A.), the artificer repeated various simulation, an experiment, 
etc. and performed slit width 2D. Consequently, when it considered as slit width 2D=n- 
(lambda/N.A.) and considered as a multiplier n<=l, it was checked that it is fully practical, and it is 
more practical if it is especially n<=0.8. Here, it means that there is little degradation of an image 
profile in the case of the conversion of a space image -> space image signal on the strength by being 
practical, and it becomes unnecessary [ the big dynamic range ] at the signal-processing system after 
a photosensor 24 (optoelectric transducer) at it, and sufficient precision is acquired. 
[0104] If an example of a result with the good above is shown, it will become as it is shown in the 
next table 1, for example. 



[0105] 
Table 1" 
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[0106] Although sufficient slit width (opening size: B in Table 1) changes with numerical aperture 
and wavelength as shown also in the above-mentioned table 1, 300nm or less of outlines is a suitable 
value. A slit of this level can be manufactured using a commercial chromium reticle (called mask 
BURANKUSU.). 

[0107] As for the chromium reticle, the chromium film of about lOOnm thickness is usually vapor- 
deposited by the quartz substrate. A quartz substrate has the standard thing of 2.286mm, 3.048mm, 
4.572mm, and 6.35mm thickness. 

[0108] If a scan speed is made late and many hours are spent on measurement even if slit width 2D is 
so good that it is small like ****, and slit width becomes very small, in using a photomultiplier as a 
photosensor 24 like this operation gestalt, detection of the quantity of light (optical reinforcement) is 
possible. However, since the scan speed at the time of space image measurement has fixed constraint 
from the field of a throughput actually, if slit width 2D is too small, the quantity of light which 
penetrates a slit 22 will become small too much, and measurement will be difficult. 
[0109] According to the knowledge which the artificer acquired by simulation, experiment, etc., it 
was checked that the optimum value of slit width 2D serves as one half extent of the resolution limit 
pitch (pitch of a last shipment pattern) of an aligner. This is explained further in full detail later. 
[01 10] The space image metering device is constituted from this operation gestalt by the 
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illumination-light study system 10, the space image instrumentation 59 (the slit plate 90 and a 
photosensor 24 are included), the wafer stage WST, and the main control unit 20 so that clearly from 
old explanation. Moreover, the processor which accomplishes some space image metering devices is 
constituted by the main control unit 20 among this. 

[0111] The space image metering device and the space image measurement approach which were 
mentioned above are used for detection of an a. best focus location, detection of the image formation 
location of b. pattern image, base-line measurement of c. alignment microscope ALG, etc. 
[0112] Since c. base-line measurement in the aligner 100 of this operation gestalt was already 
explained, detection of the above-mentioned a. best focus location and detection of the image 
formation location of b. pattern image are explained hereafter, mixing an example. 
<Detection of a best focus location> Detection of this best focus location is used for the purposes, 
such as detection of the best focus location of for example, the A. projection optics PL, detection of 
the best image formation side (image surface), and B. spherical-aberration measurement. 
[0113] When it measures by the space image measurement approach of having mentioned above the 
space image of the last shipment mark of Rhine width of face of 0.2 micrometers, and 50% of duty 
ratios, the result of image formation simulation is shown in drawing 7 - drawing 12 . The conditions 
of this simulation are N.A.=0.68 of the wavelength of 248nm of the illumination light, and projection 
optics, and coherence factor sigma=0.85 of lighting, and are slit width 2D=0.3micrometer. This 
condition is close to the conditions of B of Table 1. In addition, in drawing 7 - drawing 12 , an axis 
of abscissa shows X location (micrometer) of a slit, and an axis of ordinate shows optical 
reinforcement (energy value). 

[0114] Drawing 7 shows the simulation result in the Beth ** focus location. In this drawing 7 , wave 
P2 shown as a continuous line are equivalent to i (x) of (1) type with the space image of 
0.2micromL/S, and they equivalent to m (x) of (1) type with the signal on the strength [ optical ] 
from which wave P3 shown by the dotted line are obtained by the scan (space image measurement) 
of a slit. 

[0115] Drawing 8 shows the spatial-frequency component at the time of carrying out the Fourier 
transform of the signal P3 of drawing 7 on the strength, i.e., the m, (x) with the original signal P3 on 
the strength. In drawing 8 , wave P7 wave P6 wave P5 wave P4 shown with a broken line are 
indicated to be with an alternate long and short dash line in a zero-order frequency component are 
indicated to be with a two-dot chain line in a primary frequency component are indicated to be as a 
continuous line in a secondary frequency component show the 3rd frequency component, 
respectively. In addition, by drawing 8 , in order to make discernment easy, P4-P7 carry out piling 
only of 1 .0, and they are shown. 

[0116] Drawing 9 shows the simulation result at the time of defocusing 0.2 micrometers from a best 
focus location. In this drawing 9 , wave P2 shown as a continuous line are equivalent to i (x) of (1) 
type with the space image of 0.2micromL/S, and they equivalent to m (x) of (1) type with the signal 
on the strength [ optical ] from which wave P3 shown by the dotted line are obtained by the scan 
(space image measurement) of a slit. 

[0117] Drawing 10 shows the spatial-frequency component at the time of carrying out the Fourier 
transform of the signal P3 of drawing 9 on the strength with the original signal P3 on the strength. In 
drawing 10 , wave P7 wave P6 wave P5 wave P4 shown with a broken line are indicated to be with 
an alternate long and short dash line in a zero-order frequency component are indicated to be with a 
two-dot chain line in a primary frequency component are indicated to be as a continuous line in a 
secondary frequency component show the 3rd frequency component, respectively. In addition, by 
drawing 10 , in order to make discernment easy, P4-P7 carry out piling only of 1.0, and they are 
shown. 

[01 18] Drawing 1 1 shows the simulation result at the time of defocusing 0.3 micrometers from a best 
focus location. In this drawing 1 1 , wave P2 shown as a continuous line are equivalent to i (x) of (1) 
type with the space image of 0.2micromL/S, and they equivalent to m (x) of (1) type with the signal 
on the strength [ optical ] from which wave P3 shown by the dotted line are obtained by the scan 
(space image measurement) of a slit. 

[01 19] Drawing 12 shows the spatial-frequency component at the time of carrying out the Fourier 
transform of the signal P3 of drawing 11 on the strength with the original signal P3 on the strength. 
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In drawing 12 , wave P7 wave P6 wave P5 wave P4 shown with a broken line are indicated to be 
with an alternate long and short dash line in a zero-order frequency component are indicated to be 
with a two-dot chain line in a primary frequency component are indicated to be as a continuous line 
in a secondary frequency component show the 3rd frequency component, respectively. In addition, 
by drawing 12 , in order to mike discernment easy, P4-P7 carry out piling only of 1.0, and they are 
shown. 

[0120] The configuration of an image has collapsed clearly by 0.2-micrometer defocusing so that it 
may turn out that drawing 7 is compared with drawing 9 . Moreover, when drawing 9 is compared 
with drawing 1 1 , it turns out that the configuration of an image has collapsed further clearly with 
increase of the amount of defocusing. 

[0121] Moreover, as mentioned above, if the signal P3 on the strength [ optical ] is divided into a 
frequency component, various signal processing can be performed easily, for example, the gain of 
the primary frequency component P5 and the zero-order frequency component P4 — that is, 
(primary/zero-order), when its attention is paid to the contrast which is a gain, the contrast in the 
case of the best focus location shown in drawing 8 is 0.43. Moreover, the contrast at the time of 
defocusing 0.2 micrometers from the best focus location shown in drawing 10 is 0.24. Moreover, the 
contrast at the time of defocusing 0.3 micrometers from the best focus location shown in drawing 12 
is 0.047. 

[0122] Thus, since the contrast which is a (primary/zero-order) gain changes with focal locations 
sensitively, it is convenient to determine a best focus location from a signal on the strength. That is, a 
best focus location is detectable by asking for the focal location where the contrast which is a 
(primary/zero-order) gain serves as max. 

[0123] So, with this operation gestalt, the best focus location of projection optics PL is detected as 
follows. 

[0124] The reticle for measurement (it considers as reticle R 1 for convenience) in which the last 
shipment mark of Rhine width of face of 0.2 micrometers (it is 1 micrometer on a reticle) and 50% 
of duty ratios was formed as a pattern PM for measurement is used for detection of this best focus 
location for example, on a wafer. Detection of this best focus location shall be performed under the 
completely same conditions as the simulation mentioned above. 

[0125] First, reticle R* is loaded on a reticle stage RST by the non-illustrated reticle loader. Next, in a 
main control unit 20, the pattern PM for measurement on reticle R* moves in a reticle stage RST so 
that it may be mostly in agreement on the optical axis of projection optics PL. 

[0126] Next, with a main control unit 20, drive control of the movable reticle blind 12 is carried out, 
and a lighting field is specified so that the illumination light IL may be irradiated by only the pattern 
PM part for measurement. The illumination light IL is irradiated at reticle R', and in this condition, a 
slit scan method performs space image measurement of the pattern PM for measurement like the 
above-mentioned like the above-mentioned in a main control unit 20 using the space image 
measuring instrument 59, scanning the wafer stage WST to X shaft orientations. Under the present 
circumstances, in a main control unit 20, a multiple-times repeat and the signal (photo-electric- 
conversion signal) of each time on the strength [ optical ] are memorized to an internal memory, 
changing the location (namely, Z location of the wafer stage WST) of Z shaft orientations of the slit 
plate 90. 

[0127] And in a main control unit 20, the Fourier transform of two or more signals (photo-electric- 
conversion signal) on the strength [ optical ] acquired by said repeat is carried out, respectively, and 
the contrast which is the gain of each primary frequency component and zero-order frequency 
component is searched for. And in a main control unit 20, Z location (namely, location of Z shaft 
orientations of the slit plate 90) of the wafer stage WST corresponding to the signal on the strength 
[ optical ] with which that contrast serves as max is detected, and this location is determined as a best 
focus location of projection optics PL. Since contrast changes sensitively like the above-mentioned 
according to a focal location (the amount of defocusing), the best focus location of projection optics 
PL is easily [ often / precision / and ] measurable (decision). 

[0128] In addition, although the amplitude of the frequency component of the secondary high order 
more than degree is generally small and the amplitude to an electric noise and an optical noise may 
fully be unable to be taken, in being satisfactory in respect of a S/N ratio (a signal/noise), even if it 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/16/2006 



JP,2002-014005,A [DETAILED DESCRIPTION] 



Page 18 of 31 



observes change of the gain of a high order frequency component, it can ask for a best focus 
location. Although it is desirable that it is the pattern the Rhine width of face and whose tooth-space 
width of face are 50% of equal duty ratios as for the last shipment mark which is a pattern for 
measurement, it is also possible to use the mark of the other duty ratio. According to the knowledge 
which the artificer acquired as a result of the experiment etc., when the array period PM of the Rhine 
pattern of a last shipment mark, i.e., a mark pitch, was following (3) type extent, it became clear that 
a good result was obtained. 
[0129] 

PM=lambda/N.A.x (1-1.2) - (3) 

In addition, detection of a best focus location is possible not only by the approach using the contrast 
mentioned above but the technique of detecting Z location (focal location) where the differential 
value of the signal P on the strength [ optical ] (m of (1) type (x)) serves as max. 
[0130] Moreover, detection of the image surface configuration of projection optics PL can be 
performed as follows. 

[0131] That is, on the occasion of detection of this image surface configuration, as shown in drawing 
13 as an example, the reticle Rl for measurement by which the patterns PMl-PMn for measurement 
of the same dimension [ as the pattern PM for measurement mentioned above ] same period were 
formed in pattern space PA is used. 

[0132] First, a reticle Rl is loaded on a reticle stage RST by the non-illustrated reticle loader. Next, 
in a main control unit 20, the pattern PMk for measurement which exists in the center of a reticle Rl 
moves in a reticle stage RST so that it may be mostly in agreement on the optical axis of projection 
optics PL. Next, with a main control unit 20, drive control of the movable reticle blind 12 is carried 
out, and a lighting field is specified so that the illumination light IL may be irradiated by only pattern 
PM1 part for measurement. In this condition, in a main control unit 20, the illumination light IL is 
irradiated at a reticle Rl, like the above-mentioned, a slit scan method detects space image 
measurement of the pattern PM 1 for measurement, and the best focus location of projection optics 
PL using the space image instrumentation 59, and that result is memorized to an internal memory. 
[0133] With a main control unit 20, after detection of the best focus location using the pattern PM 1 
for measurement is completed, drive control of the movable reticle blind 12 is carried out, and a 
lighting field is specified so that the illumination light IL may be irradiated by only pattern PM2 part 
for measurement. In this condition, like the above, a slit scan method detects space image 
measurement of the pattern PM 2 for measurement, and the best focus location of projection optics 
PL, and that result is memorized to an internal memory. 

[0134] Henceforth, in a main control unit 20, changing a lighting field, like the above, detection of 
measurement of a space image and the best focus location of projection optics PL is repeated, and is 
performed about the patterns PM3-PMn for measurement. 

[0135] Based on each best focus locations Zl, Z2, Zn obtained by this, the image surface 
configuration of projection optics PL is computed by performing a predetermined statistical 
procedure. 

[0136] Since it is a field which consists of the set of the best focus point in the countless point 

(namely, countless point that the so-called height of an image differs) that the distance from an 

optical axis differs, the image surface, i.e., best image formation side, of projection optics PL, it can 

search for an image surface configuration easily and correctly by such technique. 

[0137] The above can perform detection of the best focus location of the A. projection optics PL 

mentioned above, and detection of the best image formation side (image surface). 

[0138] Moreover, detection of the spherical aberration of projection optics PL can be performed as 

follows. 

[0139] That is, on the occasion of detection of this spherical aberration, as shown in drawing 14 , the 
reticle R2 for measurement of X shaft orientations in pattern space PA by which the patterns PM1 
and PM2 for measurement of two predetermined distance ****** were mos tly formed in Y shaft 
orientations in the center is used, for example. The pattern PM 1 for measurement is a last shipment 
pattern of the same dimension [ as the pattern PM for measurement mentioned above ] same period. 
Moreover, the pattern PM 2 for measurement is a last shipment pattern located in a line with X shaft 
orientations the period (for example, about 1 .5 to 2 times of the period (mark pitch) of the pattern 
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PM 1 for measurement) from which the Rhine pattern of the same dimension as the pattern for 
measurement differs. 

[0140] First, a reticle R2 is loaded on a reticle stage RST by the non-illustrated reticle loader. Next, 
in a main control unit 20, the pattern PM 1 for measurement on a reticle R2 moves in a reticle stage 
RST so that it may be mostly in agreement on the optical axis of projection optics PL. Next, with a 
main control unit 20, drive control of the movable reticle blind 12 is carried out, and a lighting field 
is specified so that the illumination light IL may be irradiated by only pattern PM1 part for 
measurement. In this condition, in a main control unit 20, the illumination light IL is irradiated at a 
reticle R2, like the above-mentioned, a slit scan method detects space image measurement of the 
pattern PM 1 for measurement, and the best focus location of projection optics PL using the space 
image instrumentation 59, and that result is memorized to an internal memory. 
[0141] In a main control unit 20, termination of detection of the best focus location using the pattern 
PM 1 for measurement carries out predetermined distance migration of the reticle stage RST in the 
direction of -Y so that the illumination light IL may be irradiated by pattern PM2 part for 
measurement. In this condition, like the above, a slit scan method detects space image measurement 
of the pattern PM 2 for measurement, and the best focus location of projection optics PL, and that 
result is memorized to an internal memory. 

[0142] Based on a difference with each best focus locations Zl and Z2 obtained by this, the spherical 
aberration of projection optics PL is computed by the operation. 

[0143] It is one of the aperture aberration of optical system, and when a bundle of rays with various 
openings from the object point on an optical axis carries out incidence of the spherical aberration to 
optical system, it is a phenomenon in which the corresponding image point does not carry out image 
formation to one point. Therefore, detection of the best focus location in the optical axis of 
projection optics can be repeatedly performed about two or more last shipment patterns of a different 
pitch, and spherical aberration can be easily searched for by the operation based on the difference of 
the best focus location corresponding to each pattern. In addition, the accuracy of measurement of 
the difference of the best focus location in this case needs to be about 3sigma<20nm practically. 
[0144] <Detection of the image formation location of a pattern image> Detection of the image 
formation location of a pattern image is performed for each purpose of the scale factor of C. 
projection optics and distortion measurement, comatic-aberration measurement of D. projection 
optics, and E. lighting TERESEN measurement. 

[0145] The pattern for measurement (mark used as the candidate for measurement) varies with the 
purpose. If it classifies, it will become as it is shown in the next table 2. Here, since it is desirable 
that it is fundamentally in agreement with the measurement result of the image formation property 
can be burned and according to law which mentioned above the measurement result of the image 
formation property of projection optics based on space image measurement, by Table 2, it can be 
burned and the mark for space image measurement (pattern for space image measurement) is shown 
with the mark for measurement. 



[0146] 
[Table 2] 










Box in Box Mark * 


Box in Box Mark % 




Line in Box Mark % 
L/S-7— * 


Line in Box Mark „ ! 




Box in Box Mark « 


Box in Box Mark « 
*L/SV-? 



[0147] Next, the scale factor of projection optics PL and distortion measurement are explained. On 
the occasion of the scale factor of this projection optics PL, and distortion measurement, as shown in 
drawing 15, the reticle R3 for measurement in which the patterns BM1-BM5 for measurement which 
change from the square mark of a total of five 150-micrometer angles (it is 30-micrometer angle on a 
wafer side at the projection scale factors 1/5) to the core of pattern space PA and the part of four 
angles were formed is used, for example, moreover, on the slit plate 90 which constitutes the space 
image measuring instrument 59 in this case While slit 22a of the predetermined width of face W 
extended to X shaft orientations as shown in drawing 1 6 , and die-length L, and slit 22b of the 
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predetermined width of face W extended to Y shaft orientations and die-length L are formed Light- 
receiving shall be possible also about the light which penetrated any of Slits 22a and 22b with the 
internal light-receiving optical system and the internal photosensor 24 (or the optical derivation 
section and the light sensing portion of drawing 3 ) of the wafer stage WST. Here, W is 0.3 
micrometers and L is 25 micrometers. 

[0148] First, a reticle R3 is loaded on a reticle stage RST by the non-illustrated reticle loader. Next, 
in a main control unit 20, the core of the pattern BM 1 for measurement which exists in the center of 
a reticle R3 moves in a reticle stage RST so that it may be mostly in agreement on the optical axis of 
projection optics PL. Next, with a main control unit 20, drive control of the movable reticle blind 12 
is carried out, and a lighting field is specified so that only a somewhat larger rectangle field part than 
the pattern BM 1 for measurement with which the illumination light IL contains the pattern BM 1 for 
measurement may irradiate. In this condition, the illumination light IL is irradiated with a main 
control unit 20 at a reticle R3. Thereby, as shown in drawing 16 , the pattern image of the shape of a 
square of space image BM1' of the pattern BM 1 for measurement, i.e., about 30micro angle, is 
formed. 

[0149] Space image measurement of the pattern PM 1 for measurement is performed using the space 
image measuring instrument 59, scanning the wafer stage WST to X shaft orientations in a main 
control unit 20, in this condition, as shown to drawing 16 by the arrow head A, and on the strength 
[ optical ] signal m (x) obtained by that measurement is memorized in memory. Next, in a main 
control unit 20, it asks for the image formation location of the pattern PM 1 for measurement by the 
technique of well-known phase detection based on obtained on the strength [ optical ] signal m (x). 
Here, as the technique of this phase detection, while asking for the sum for a product, for example, 
one period, with the sine wave used as the same standard of frequency as the primary frequency 
component (it can be considered that this is a sine wave) and this which are obtained by carrying out 
the Fourier transform of the on the strength [ optical ] signal m (x), it asks for the sum for a product 
with the cosine wave used as the criteria of the same period as said primary frequency component 
and this, for example, one period, for example. And the general method of searching for the phase 
contrast over the reference signal of a primary frequency component, and asking for the X location 
xl of the pattern PM 1 for measurement based on this phase contrast can be used by asking for the 
arc tangent (arc tangent) of the quotient obtained by doing the division of the obtained sums. 
[0150] Next, in a main control unit 20, space image measurement of the pattern PM 1 for 
measurement is performed using the space image measuring instrument 59, scanning the wafer stage 
WST to Y shaft orientations, and on the strength [ optical ] signal m (y) obtained by the 
measurement is memorized in memory. And it asks for the Y location yl of the pattern PM 1 for 
measurement by the technique of the same phase detection as the above. And in a main control unit 
20, the location gap to the optical-axis core of a reticle R3 is amended based on the coordinate value 
(xl, yl) of the obtained pattern PM 1 for measurement. 

[0151] With a main control unit 20, after amendment of a location gap of the above-mentioned 
reticle R3 is completed, drive control of the movable reticle blind 12 is carried out, and a lighting 
field is specified so that only a somewhat larger rectangle field part than the pattern BM 2 for 
measurement with which the illumination light EL contains the pattern BM 2 for measurement may 
irradiate. In this condition, like the above, a slit scan method performs space image measurement of 
the pattern BM 2 for measurement, and measurement of that XY location, and that result is 
memorized to an internal memory. 

[0152] Henceforth, in a main control unit 20, changing a lighting field, like the above, measurement 
of a space image and measurement of XY location are repeated, and are performed about the patterns 
BM3-BM5 for measurement. 

[0153] Based on the coordinate value (x2, y2) of the patterns BM2-BM5 for measurement obtained 
by this, (x3, y3), (x4, y4), and (x5, y5), at least the scale factor of projection optics PL and one side 
of distortion are computed by performing a predetermined operation. 

[0154] Distortion is the aberration of the projection optics PL which becomes the image at which 
what should become a straight line essentially around in the image field turned, like the case where 
there is a scale-factor error by this distortion, a pattern image shifts from the position on the image 
surface, and image formation (carrying out a strike slip) is carried out. 
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[0155] Therefore, since it can ask with a respectively sufficient precision, either [ at least ] distortion 
or a scale factor is measurable with a sufficient precision according to the measurement approach of 
of the scale factor and distortion which were mentioned above, as a result with the technique of 
phase detection of a location gap of the space image of each pattern for measurement projected on 
the location where it differs in the image field of projection optics PL. 

[0156] However, in pattern image BMn' (n= 1, 2, 5) of single 30-micrometer angle, even if it 
carries out a slit scan, the edge of the image has only two places and measurement precision may not 
be acquired enough. In such a case, what is necessary is just to use the reticle in which the pattern for 
measurement (referred to as "CM1-CM5" for convenience) which consists of the big last shipment 
pattern which is extent which does not almost have being influenced of comatic aberration, for 
example, a last shipment pattern with a Rhine width of face of 5 micrometers or more, (this space 
image turns into a last shipment pattern image with a Rhine width of face of 1 micrometer) replaced 
with the patterns BM1-BM5 for measurement, and was formed. In case space image measurement is 
performed using such a reticle, the condition that space image CMn 1 (n= 1, 2, .... 5) of the patterns 
CM 1 -CMS for measurement was formed on the slit plate 90 is shown in drawing 17 . 
[0157] In addition, in a top, by the technique of phase detection, although a location gap of the space 
image of the pattern for measurement shall be measured Space image measurement of a slit scan 
method is repeatedly performed not only like this but like the above-mentioned about the space 
image (BMn 1 or CMn') of the pattern for measurement (BMn or CMn) projected on the location 
where it differs in the image field of projection optics PL. Based on an intersection with 
predetermined slice level, the location (location of an edge) of the space image (BMn 1 or CMn') 
corresponding to each photo-electric-conversion signal is computed, respectively, two or more on the 
strength [ optical ] signals m (x) (photo-electric-conversion signal) obtained by the repeat — 
respectively — ** — It is good also as asking for at least the distortion of projection optics PL, and 
one side of a scale factor based on this calculation result. By the technique of edge detection in 
which the slice method was used, in this case, it can ask for the location of the space image (BMn' or 
CMn') projected on the location where it differs in the image field of projection optics PL with a 
respectively sufficient precision, and either [ at least ] distortion or a scale factor can be measured 
with a sufficient precision as a result to it. In this case, each signal on the strength [ optical ] is made 
binary with the set-up slice level, and when a setup of that slice level is appropriate, it becomes 
measuring the edge location of the resist image actually acquired by baking, and equivalence so that 
it can imagine from the relation between wave P2 of drawing 7 , and P3. 

[0158] By the way, in the present aligner, management of the distortion (a scale factor is included) of 
projection optics is performed as follows using the criteria wafer. With a criteria wafer, after 
imprinting the outer BOX mark of 30-micrometer angle in the exposure field by projection optics, it 
etches through a development process here, and the location of the edge of an outer BOX mark is 
beforehand measured with an interference-of-light-wave type coordinate measuring instrument etc. 
after the etching. And the resist image of the inner BOX mark of 10-micrometer angle can be burned 
on the core of the outer BOX mark of 30-micrometer angle etched at the time of distortion 
measurement of an aligner, and a relative position is measured with a registration measuring 
instrument etc. 

[0159] Therefore, if distortion measurement is performed by detecting the space image of the BOX 
mark of 10-micrometer angle by the technique of edge detection on a wafer (on the image surface), it 
will become the time of distortion measurement of the above [ the effect of comatic aberration ] 
using a criteria wafer, and an EQC, and a relative difference will not occur. For this reason, 
distortion can be measured now from a space image in a precision (accuracy) equivalent to the 
distortion measurement using the above-mentioned criteria wafer. 

[0160] In order to realize this, it is possible to form the inner BOX mark of 50-micrometer angle 
(wafer top 10-micrometer angle) in the device reticle mentioned above or a reticle fiducial mark 
plate. However, in the latest CMP process, since dishing arises, it is not put into the mark of a wafer 
top 10-micrometer angle. 

[0161] Then, the artificer reached the conclusion that what is necessary is just to perform space 
image measurement using the mark (it is hereafter called a "false BOX mark" suitably) which 
subdivided the non-measuring direction (it is not necessary to be 10 micrometers) of the BOX mark 
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of a wafer top 10-micrometer angle in the shape of a stripe, as a result of inquiring wholeheartedly. 
The signal wave form where the reason will be acquired if a false BOX mark is so-called kind of a 
last shipment pattern, scans a space image measuring instrument in the direction perpendicular to the 
periodic direction and performs space image measurement with a slit scan method is because the 
signal wave form acquired from the space image of a BOX mark and the same signal wave form are 
acquired. 

[0162] An artificer replaces with the patterns BM1-BM5 for measurement of the reticle R3 for 
measurement shown in drawing 15 . Reticle R3 f for measurement in which the false box pattern 
which subdivided the pattern for measurement in the shape of a stripe about the direction of X was 
formed is used. As a result of the same procedure as the above-mentioned performing distortion 
measurement of the projection optics PL by the technique of edge detection, becoming a value 
equivalent to Y location of the pattern BMn for measurement as a Y location of each pattern for 
measurement was checked. Distortion measurement can be performed by preparing the reticle for 
measurement in which the false box pattern subdivided about the direction of Y and the false box 
pattern subdivided about the direction of X were formed, and carrying out the relative scan of each 
pattern for measurement from this, to Slits 22a and 22b. 

[0163] An example of the mark block (300-micrometer angle) with which the pattern for 
measurement of the false box pattern subdivided about the direction of Y mentioned above, the false 
box pattern subdivided about the direction of X, and others was formed in drawing 18 is shown. In 
this drawing 18 , signs MM1 and MM2 are scale-factor measurement patterns which consist of 
5micromL/S mark of five, signs MM3 and MM4 are focal measurement patterns which consist of 
ImicromL/S mark of 29, and signs MM5 and MM6 are false box patterns which consist of 
2.5micromL/S mark of 1 1 . The mark block of this drawing 18 is formed in for example, a device 
reticle or a reticle fiducial mark plate. In addition, for example, below 2.5micromL/S extent (wafer 
top 0.5micromL/S extent) of fragmentation of a false box pattern is desirable. 
[0164] Next, the measurement approach of the comatic aberration of projection optics is explained. 
The 1st approach measurement of comatic aberration uses a last shipment mark as a pattern for 
measurement, and the 2nd approach using a Line in Box mark as a pattern for measurement are 
mentioned typically. 

[0165] (The 1st approach) When it can be burned and measures comatic aberration by law, the 
method of using the line breadth outlying observation of the small last shipment mark image near the 
resolution limit is learned. Here, line breadth outlying observation is a value used as the index 
showing the unsymmetrical degree of the resist image formed of baking. For example, if it explains 
taking the case of the resist image of 0.2micromL/S mark (design value) shown in drawing 1 9 , the 
line breadth outlying observation A will be defined like the following (4) types using the line breadth 
LI and L5 of the Rhine pattern of both ends. 
[0166] 

[Equation 3] 

\ Ll-LS r .v 
— — (4) 

n + LS 

[0167] A is usually engine performance less than 3% is wished to projection optics (projection lens). 
[0168] Also in space image measurement, the line breadth outlying observation of such a last 
shipment pattern image is directly measurable. In this case, although what is necessary is just to use 
the technique of the edge detection by the slice method explained previously, it is desirable to 
determine that threshold as slice level by being in charge of the decision of slice level, making binary 
the signal on the strength [ optical ] corresponding to a space image with a suitable threshold 
(threshold level), and performing easy resist image simulation of bringing close to the line breadth of 
a resist image. 

[0169] Hereafter, the measurement approach of the comatic aberration by measurement of this line 
breadth outlying observation is explained. As shown in drawing 20 , the reticle R4 for measurement 
by which the patterns DM1 -DM5 for measurement were formed in a total of five places of the core 
of pattern space PA and the part of four angles is used for measurement of this comatic aberration. 
As patterns DM1 -DM5 for measurement, the last shipment pattern which has periodicity is used for 
X shaft orientations of 50% of duty ratios by Rhine width of face of 1 micrometer (it is 0.2 
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micrometers on a wafer side). Moreover, the configuration of the slit plate 90 which constitutes the 
space image measuring instrument 59 in this case, and the space image measuring instrument 59 etc. 
has the same composition as the time of the scale factor and distortion measurement mentioned 
above. 

[0170] In this case, in a main control unit 20, in the same procedure as the time of the scale factor 
and distortion measurement mentioned above, reticle alignment and space image measurement are 
performed, and on the strength [ optical ] signal m (x) corresponding to the space image (it considers 
as DM2 '-DM 5') of the patterns DM2 -DM5 for measurement is obtained. 

[0171] And it asks for the intersection of this obtained each on the strength [ optical ] signal m (x) 
and predetermined slice level, respectively, and asks for the Rhine width of face of each Rhine about 
each of space image DM2' - DM5 f from the X coordinate of that called-for intersection, and based on 
this Rhine width of face, each line breadth outlying observation is computed based on (4) types, and 
the comatic aberration of projection optics PL is searched for based on this calculation result. 
[0172] Comatic aberration is the aberration of the lens by scale factors differing by the various zona 
orbicularis of a lens, and is produced into the part which is separated from the main shaft in the 
image field of projection optics PL. Therefore, in the location distant from the optical axis, the line 
breadth of each Rhine pattern will differ among the space images of a last shipment pattern 
according to comatic aberration. Therefore, according to the above-mentioned method of detecting 
the line breadth outlying observation of each Rhine pattern by the technique of edge detection using 
a slice method, it becomes possible to measure comatic aberration often [ precision ] and easily. 
[0173] In addition, since each patterns DM1 -DM5 for measurement are independent last shipment 
patterns containing five Rhine patterns, when the measurement precision of line breadth outlying 
observation is inadequate, the compound mark pattern with which five last shipment patterns 
constructed more than one the predetermined period, and have been arranged as each pattern for 
measurement may be used as each pattern for measurement. When such a compound mark pattern is 
used as a pattern for measurement (referred to as EM), signs that space image EM 1 of the pattern EM 
for measurement was formed on the slit plate 90 are shown in drawing 21 . 

[0174] The frequency component fl of 0.4-micrometer pitch corresponding to [ as this space image 
EM 1 is shown in drawing 22 ] the pitch of each Rhine pattern of two fundamental frequency 
components, i.e., a photo-electric-conversion signal, (the 1st fundamental-frequency component), 
every — the 2nd fundamental- frequency component corresponding to the width of face of the whole 
L/S pattern, i.e., here, — every — it has the frequency component £2 corresponding to 3.6-micrometer 
pitch which is the repeat period (arrangement pitch of the mark group who consists of a mark of five) 
of a L/S pattern. 

[0175] Like the above-mentioned, therefore, in a main control unit 20 In the same procedure as the 
time of the scale factor and distortion measurement mentioned above, reticle alignment, When space 
image measurement is performed and on the strength [ optical ] signal m (x) corresponding to the 
space image (it considers as EM2'-EM5') of the patterns EM2-EM5 for measurement is obtained, and 
the 1st fundamental-frequency component of each signal on the strength [ optical ], It is good also as 
computing by the technique of phase detection in which phase contrast with the 2nd fundamental- 
frequency component was mentioned above, and searching for the comatic aberration of projection 
optics PL based on this calculation result. 

[0176] Since it is greatly influenced of comatic aberration so that the width of face of the scanning 
direction of the pattern set as the object of space image measurement is narrow, the effect of comatic 
aberration to the space image of each Rhine pattern of a last shipment pattern and the effect of 
comatic aberration to the space image of the pattern at the time of putting the whole last shipment 
pattern at one pattern are different. Therefore, the phase contrast of the 1st fundamental-frequency 
component corresponding to the pitch of each Rhine pattern of a photo-electric-conversion signal 
and the 2nd fundamental-frequency component corresponding to the width of face of the whole last 
shipment pattern is computed, and according to the above-mentioned method of searching for the 
comatic aberration of projection optics based on this calculation result, the comatic aberration of 
projection optics PL can be searched for with a sufficient precision by the technique of phase 
detection. In addition, as for the ratio of the arrangement pitch (the upper example 3.6 micrometers) 
of the mark group who consists of an arrangement pitch (the upper example 0.4 micrometers) of a 
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mark, and a mark of five in this case, considering as an integral multiple is desirable from signal 
processing. 

[0177] (The 2nd approach) Next, the 2nd measuring method of comatic aberration is explained. By 
this approach, as shown in drawing 23 (A), the reticle R5 for measurement by which the patterns 
FM1-FM5 for measurement were formed in a total of five places of the core in pattern space PA and 
the part of four angles is used. The mark pattern called Line in Box Mark as shown by expanding to 
drawing 23 (B) as a pattern FMn (n= 1, 2, 5) for measurement is used. As this mark pattern is 
shown in drawing 23 (B), one side is this alignment inside the square pattern of Dl (1= 150 
micrometers of for example, D), and one side is the mark pattern with which the tooth-space pattern 
(width of face D3) of the square of D2 (2= 100 micrometers of for example, D) was formed. If it can 
be burned on a wafer and this pattern FMn for measurement is developed, the rill of 20-micrometer 
angle will be formed in the core of the resist remnants mark of 30-micrometer angle at coincidence. 
As for a rill, it is desirable to consider as the size of (wavelength / N. A.) / or less 2 extent, therefore, 
as for D3, it is desirable that it takes the 5 or less times for extent. For example, D3 is set to 0.5 
micrometers. 

[0178] Since a strike slip will be larger than a thick wire and the direction of a thin line will occur if 
image formation of this pattern FMn for mark measurement is carried out by projection optics with 
comatic aberration, a rill carries out eccentricity and symmetric property collapses. Therefore, the 
effect of comatic aberration can be known by measuring the eccentricity of the rill, i.e., extent of 
how depending on which symmetric property collapses. 

[0179] Moreover, the configuration of the slit plate 90 which constitutes the space image measuring 
instrument 59 in this case, and the space image measuring instrument 59 etc. has the same 
composition as the time of the scale factor and distortion measurement mentioned above. 
[0180] So, in a main control unit 20, in the same procedure as the time of the scale factor and 
distortion measurement mentioned above, reticle alignment and space image measurement are 
performed, and on the strength [ optical ] signal m (x) corresponding to the space image (it considers 
as FM2 f -FM5') of the patterns FM2-FM5 for measurement is obtained. 

[0181] And based on the intersection of each signal on the strength [ optical ] and predetermined 
slice level, a gap of the symmetric property of space image FM2 f of the pattern for measurement - 
FM5* is computed, and the comatic aberration of projection optics PL is searched for based on this 
calculation result. 

[0182] Thus, by the technique of edge detection using a slice method, a gap of the symmetric 
property of the space image of the patterns FM2-FM5 for measurement is computed, and according 
to the above-mentioned method of searching for the comatic aberration of projection optics PL based 
on the calculation result, the comatic aberration of projection optics PL can be searched for with a 
sufficient precision. 

[0183] It thinks, also when SURITSU ** of the non-measuring direction interferes with a space 
image on arrangement of the slits 22a and 22b on the slit plate 90 in the above-mentioned case. In 
such a case, the 1 -dimensional mark of the bilateral symmetry to which it replaced with the above- 
mentioned mark FMn for measurement, for example, the thick Rhine pattern with a line breadth of 
about 50 micrometers and the thin Rhine pattern with a line breadth of about 0.5-0.75 micrometers 
were located in a line in the measurement direction at intervals of predetermined (for example, about 
50 micrometers) may be used as a pattern for measurement. 

[0184] The condition that space image GMn 1 of such a pattern for measurement (referred to as GMn) 
was formed on the slit plate 90 is shown in drawing 24 . In this drawing 24 , D4 is 10 micrometers 
and D5 is 0.1-0.15 micrometers. The comatic aberration of projection optics PL may be detected by 
detecting by the approach of the edge detection by the slice method which mentioned above the 
signal on the strength [ optical ] corresponding to such space image GMn*. 

[0185] As a result of carrying out the location gap of the space image of the Rhine pattern with the 
thin width of face of a scanning direction (the measurement direction) greatly under the effect of 
comatic aberration, as for the space image of the symmetry mark pattern which has two or more 
kinds of Rhine patterns with which the line breadth arranged at intervals of predetermined in the 
direction corresponding to a scanning direction differs like the pattern (GMn) for measurement, the 
symmetric property shifts greatly, so that comatic aberration is large. 
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[0186] Therefore, according to the approach of detecting a gap of the symmetric property of above- 
mentioned space image GMn', the comatic aberration of projection optics PL is detectable with a 
sufficient precision. 

[0187] Of course, in order to improve measurement repeatability also in this case, it is good also as 
detecting space image HM f of a pattern for measurement like drawing 25 by which repeat 
arrangement was carried out. 

[0188] Next, the measuring method of lighting TERESEN is explained. 

[0189] Lighting TERESEN measures and determines the amount from which an image position 
changes with defocusing. As a pattern for measurement, a scale factor and the big mark pattern 
which is not influenced of comatic aberration like De Dis **-SHON measurement are used. When it 
bums and is based on the ** method, Boxin Box Mark or a large last shipment mark is used, it is 
three points, a best focus location, the defocusing location which is about +1 micrometer, and the 
defocusing location which is about -1 micrometer, and exposes, respectively, the relation between an 
image position and a focal location is measured, and calculating lighting TERESEN (= (the amount 
of strike slips / the amount of defocusing of an image)) is performed. 

[0190] Using the big mark which is not similarly influenced of comatic aberration with be burned, in 
space image measurement, the absolute location of a space image is measured in each focal location, 
and it calculates lighting TERESEN. 

[0191] As explained to the detail above, according to the aligner 100 of the operation gestalt of**** 
1 From having the space image measuring instrument 59 which has slit width 2D=n- (lambda/N.A.) 
and the slit plate 90 which is n<=0.8 By performing space image measurement of the pattern for 
measurement on a reticle or a reticle fiducial mark plate using this space image instrumentation, little 
highly precise space image measurement of degradation of an image profile is attained in the case of 
conversion of a space image -> space image signal on the strength. In this case, the big dynamic 
range becomes unnecessary at the signal-processing system after a photosensor 24 (optoelectric 
transducer). 

[0192] Moreover, in an aligner 100, a main control unit 20 can measure measurement of the space 
image by the above-mentioned slit scan method, and the various image formation properties of the 
projection optics PL using this measurement result which was mentioned above with high precision 
using the space image measuring instrument 59. Therefore, it can be based on the measurement 
result of this image formation property, for example, optical-character ability of projection optics PL 
can be adjusted with high precision at the time of starting of the aligner in works etc. Especially or 
about distortion or a scale factor The above-mentioned measurement is performed periodically and it 
is based on this measurement result. The image formation property compensator which is not 
illustrated [ of projection optics PL ] (For example, equipment [ carry out Z and the tilt drive of the 
specific lens element which constitutes projection optics and ]) Or distortion, a scale factor 
(especially non-scanning direction at the time of scan exposure), etc. can be amended using the 
equipment which adjusts the internal pressure of the sealed cabin prepared between the specific 
lenses which constitute projection optics. In addition, amendment of the scale factor of the scanning 
direction at the time of scan exposure is performed by adjusting one [ the reticle for example, at the 
time of scan exposure, and / at least ] scan speed of a wafer. 

[0193] Thus, in an aligner 100, since exposure is performed by adjustment of the image formation 
property of projection optics using the projection optics PL to which the image formation property 
was adjusted with high precision, for example in advance of the initial adjustment of the image 
formation property of projection optics, or exposure initiation, improvement in exposure precision is 
attained as a result. 

[0194] Moreover, by controlling the location of Wafer W by the aligner 100 using that amount of 
base lines at the time of exposure etc., since detection of the amount of base lines of the alignment 
microscope ALG 1 as a mark detection system is performed with a sufficient precision by the main 
control unit 20 using the space image instrumentation 59, improvement in the superposition 
precision of a reticle and a wafer is possible, and improvement in exposure precision is possible also 
in this point. 

[0195] In addition, although slit width 2D explained the case where it was determined in 
consideration of both wavelength lambda of the illumination light, and numerical-aperture N.A. of 
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projection optics PL, with the above-mentioned operation gestalt, this invention is not limited to this. 

[0196] That is, slit width 2D may be defined in consideration of wavelength lambda or numerical- 
aperture N.A. Even if it uses the space image measuring instrument equipped with the slit plate 
which has the slit of such slit width 2D, high measurement of the precision of the space image 
(distribution of image reinforcement) of a predetermined pattern is possible by the slit scan method 
like the above-mentioned operation gestalt. 

[0197] Next, the decision of slit width (2D) is explained further. Here, the case of focal measurement 
is taken up as an example and the decision approach of suitable slit width is explained. 
[0198] It asks by detecting Z location (Z coordinate of a contrast peak) of the slit plate 90 where the 
contrast which is the (primary/zero-order) gain of a multiple-times repeat and the signal on the 
strength [ optical ] acquired by this serves as max with a slit scan method in space image 
measurement of the pattern for measurement, measurement of the best focus location of projection 
optics changing the location of Z shaft orientations (the direction of an optical axis) of the slit plate 
90 like the above-mentioned. 

[0199] Usually, on the occasion of detection of a best focus, it is 0.15 micrometers in pitch spacing, 
and 15-step (step) extent change of the slit plate 90 is carried out. 

[0200] Here, an example of the above-mentioned best focus detection is explained using drawing 
26 . This drawing 26 shows an axis of abscissa for the measurement value (x mark in drawing 26 ) of 
the contrast of 13 points which the slit plate 90 was changed to Z shaft orientations in 13 steps (step), 
and was acquired on each point as the Z-axis. Based on the measurement value of the contrast of 13 
points shown by x mark in drawing 26 , it asks for the 4th approximation about curve C with the 
least square method. It asks for the intersection of this approximation curve C and the suitable 
threshold (threshold level) SL, and let the middle point of distance =2B during an intersection be a Z 
coordinate value corresponding to ** SUTOFOKASU. 

[0201] The same diagram as drawing 26 is shown in drawing 27 . However, by this drawing 27 , an 
axis of ordinate shows the amplitude (or first order mentioned later) of a primary component. A focal 
detection precision when making immobilization the range of WZ (the number of = step pitch x data) 
in drawing 27 here is considered. 

[0202] (1) If the amplitude of a primary component is set to S when a shot noise is dominant, a shot 
noise is proportional to S 1/2. the fluctuation which the noise of the amplitude of a each primary 
component does to the Z direction of data since the average inclination of the curve about Z of the 
amplitude of a primary frequency component (it is hereafter sketched as a "primary component" 
suitably) is in inverse proportion to the depth of focus (DOF) — Noise N — then — N**Sl/2 and 
DOF**lambda-S l/2/(N.A.) 2 .... (5) 

There is ******. Here, N.A. is the numerical aperture of projection optics. 

[0203] However, it is since there is relation between P**lambda/N.A. when line breadth of an object 
pattern is set to P. S/N**(N.A.) 2 and Sl/2/l/2/[ of lambda* *lambda-S ] P .... (6) 
****** is realized. Here, S/N is a S/N ratio which is a ratio of the amplitude of a primary 
component, and the noise amplitude. 

[0204] (2) When a dark noise is dominant, a dark noise is not dependent on the amplitude S of a 
primary component. Since the average inclination of the curve about Z of the amplitude of a primary 
component is in inverse proportion to DOF, if the noise of the amplitude of a each primary 
component makes Noise N fluctuation done to the Z direction of data N**DOF**lambda/(N.A.) 2 .... 

There is ******. 

[0205] Therefore, line breadth of an object pattern is set to P. S/N** (NA) 2. S/lambda** lambda, 
S/P .... (8) 
There is ****** 

[0206] If wavelength and an object-pattern pitch are determined in case slit width (2D) is made the 
more nearly optimal than (6) and (8) types, it turns out that a S/N ratio is proportional to the 0.5 - 1st 
power of the primary amplitude S with the property of a noise that what is necessary is just to pay its 
attention to the amplitude S of a primary component. 

[0207] An example of the simulation result for asking drawing 28 (A) - drawing 31 (B) for the range 
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where slit width (2D) is desirable is shown. Among these, drawing 28 (A), drawing 29 (A), drawing 
30 (A), and drawing 31 (A) show the case of the conditions of N.A =0.68, lambda= 248nm, and 
sigma=0.85. Moreover, drawing 28 (B), drawing 29 (B), drawing 30 (B), and drawing 3 1 (B) show 
the case of the conditions of N.A =0.85, lambda= 193nm, and sigma=0.85. 

[0208] Drawing 28 (A) and (B) show the S/N ratio about the focal detection at the time of applying 
(6) types supposing the example which used the photomultiplier. In drawing 28 (A), as a pattern for 
measurement, the Rhine width of face L is 200nm, 220nm, and 250nm, respectively, and a 
continuous line (-), a broken line (**), and a dotted line (**) show the case where each duty ratio 
uses 50% of last shipment pattern, respectively. In drawing 28 (B), as a pattern for measurement, the 
Rhine width of face L is 120nm, 130nm, and 140nm, respectively, and a continuous line (-), a broken 
line (**), and a dotted line (**) show the case where each duty ratio uses 50% of last shipment 
pattern, respectively. 

[0209] Drawing 29 (A) and (B) show the contrast corresponding to drawing 28 (A) and (B), 
respectively. Contrast becomes so large that slit width is small. Since the zero-order amplitude is 
proportional to slit width, it is the first order (1st Order) which multiplied contrast by the ratio of the 
slit width on the basis of 0.3 micrometers. This is proportional to the amplitude of a primary 
component. 

[0210] The first order corresponding to drawing 28 (A) and (B) is shown in drawing 30 (A) and (B), 
respectively. 

[021 1] Also in the case of line breadth [ which wavelength and ], it became clear from drawing 28 
(A) and (B) that the same die length as the one half of a pattern pitch (=2L) of the optimal SURITSU 
**** (2D) for focal detection is the optimal as a result. Although it is so good that it is small about a 
pitch, it is indispensable that it is less than the resolution limit, of course. Therefore, the optimum 
value of slit width serves as one half extent of the resolution limit pitch of an aligner. 
[0212] Drawing 3 1 (A) and (B) are the same conditions as drawing 28 (A) and (B), and show the 
S/N ratio about the focal detection at the time of applying (8) types. 

[0213] Here, optimization of slit width 2D is explained from still more nearly another viewpoint. 
[0214] When width-of-face 2D of the slit of a space image measuring instrument and the intensity 
distribution of a space image are set to i (x), slit transparency on-the-strength m (x) is expressed with 
the following (9) types which generalized (1) type mentioned above. 
[0215] 
[Equation 4] 

m{x)' J* Kt)dt —(9) 

[0216] Focal detection is calculated from zero-order [ of the image of last shipment of the resolution 
limit on the strength ], and the primary ratio (contrast), b-sin (omega 1-x) then the slit transparency 
reinforcement mO (x) observed, and ml (x) become like the following (10) and (11) types about the 
reinforcement of a and a primary component in the reinforcement of the zero-order component 
contained in the image of a space image on the strength. However, omega 1 is the spatial frequency 
of the resolution limit. 
[0217] 
[Equation 5] 

m Q (x)-a*] D ds-2aD -(10) 

[0218] 
[Equation 6] 

r+D 

mfc^-h f ain(a_f)_* a — &m<jo x xysm(fi>J}) —(11) 

[0219] (10) More simply [ a zero-order component / slit width ] than a formula, proportionally, a 
primary component becomes max from (11) types, when satisfying the conditions of the following 
(12) types. 
[0220] 
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omegalD=pi/2- (2n-l) .... (12) 
(However, n= 1, 2 and 3, — ) 

[0221] (12) When slit width 2D will be odd times pi/omega 1, it is desirable that it is odd times the 
one half (it is hereafter called the "minimum half pitch" suitably) of the minimum mark pitch at that 
from which the gain of a primary component serves as max at the time of odd times of D=pi/ 
(2omegal) when satisfying a formula (contrast serves as max). 

[0222] Moreover, since the dynamic range of an electric system becomes easy so that the gain of a 
primary component is high and the gain of a zero-order component is low, the case where it is in 
agreement with the minimum half pitch by (12) formulas after all in the case of n= 1 (i.e., when slit 
width 2D is pi/omega 1) if it puts in another way is best. 

[0223] When slit width 2D is 1 time the minimum half pitch, the simulation data at the time of being 
3 times is shown in drawing 32 (A) and (B), respectively. In these drawings, the curve LL 1 of a 
continuous line shows the signal of the slit transmitted light on the strength, an alternate long and 
short dash line LL 2 shows the differential signal, and a broken line LL 3 shows space image 
reinforcement. In these drawings, an axis of abscissa is a slit location and an axis of ordinate is signal 
strength. 

[0224] When slit width 2D is 5 times the minimum half pitch, the simulation data at the time of 
being 7 times is shown in drawing 33 (A) and (B), respectively. In these drawings, the curve LL 1 of 
a continuous line shows the signal of the slit transmitted light on the strength, an alternate long and 
short dash line LL 2 shows the differential signal, and a broken line LL 3 shows space image 
reinforcement. In these drawings, an axis of abscissa is a slit location and an axis of ordinate is signal 
strength. 

[0225] In drawing 32 (A), (B), and drawing 33 (A) and (B), it turns out that the amplitude of the 
differential signal LL 1 is the same amplitude. However, it turns out that a big dynamic range is 
needed with a signal-processing system (processor after a photosensor) as n of slit width 2D= 
minimum half pitch xn becomes large with 1, 3, 5, and 7. This shows that the case where slit width 
2D is in agreement with the minimum half pitch is best. 

[0226] Moreover, if the Fourier transform of (1) and (2) types which were mentioned above is 

carried out, the frequency characteristics of the equalization effectiveness by the slit will become 

clear. 

[0227] 

[Equation 7} 

JpW-exp(-2^)^-2D^^> -2D^1 -03) 

[0228] Frequency characteristics in case slit width 2D is 1 of the half pitch of the resolution limit and 
3 or 5 times are shown in drawing 34 , using spatial frequency of the resolution limit as omega 1. In 
this drawing 34 , signs GF5, GF3, and GF1 show the frequency-characteristics diagram in the case of 
being 5 times of the minimum half pitch, 3 times, and 1 time the slit width of this, respectively. It 
turns out that the case (GF1) where slit width is in agreement with the minimum half pitch is best 
also in respect of the stability of gain (gain) so that clearly from this drawing 34 . 
[0229] « — 2nd operation gestalt» — next, the 2nd operation gestalt of this invention is explained 
based on drawing 35 and drawing 36 . Here, about a component the same as that of the aligner 100 
concerning the 1st operation gestalt mentioned above, or equivalent, while using the same sign, the 
explanation shall be simplified or it shall omit. 

[0230] A part of configuration of the aligner concerning this 2nd operation gestalt is omitted and 
shown in drawing 35 . As for this aligner 110, only the configuration of the alignment optical system 
ALG 2 as a mark detection system is different from an aligner 100. Then, this difference is explained 
as a core below. 

[0231] This alignment optical system ALG 2 is the laser scanning type alignment sensor of the off- 
axis method formed in the side face of projection optics PL, as shown in drawing 35 . 
[0232] This alignment optical system ALG 2 is constituted including the light source 132 for 
alignment, a half mirror 134, the 1st objective lens 136, the 2nd objective lens 138, and silicon 
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photodiode (SPD) 140 grade, as shown in drawing 35 . Here, He Ne laser is used as the light source 
132. Under this alignment microscope ALG 2, as shown in drawing 35 , a laser beam spot for a laser 
beam to illuminate the alignment mark Mw on Wafer W through a half mirror 134 and the 1st 
objective lens 136 from the light source 132 is formed. It is usually fixed and a laser beam carries out 
the relative scan of a laser beam and the alignment mark Mw by scanning the wafer stage WST 
(scan). 

[0233] The scattered light generated from the alignment mark Mw is condensed and received on the 
silicon photodiode SPD 140 through the 1st objective lens 136, a half mirror 134, and the 2nd 
objective lens 138. The zero-order optical filter is inserted in the microscope ALG 2, it has become 
dark field, and the scattered light is detected only in the location where the alignment mark Mw 
exists. And the photo-electric-conversion signal of the light which SPD 140 received is supplied to a 
main control unit 20 from SPD 140. In a main control unit 20, the coordinate location of the ally 
noodle ** mark Mw in the stage system of coordinates specified with an interferometer optical axis 
is computed based on this photo-electric-conversion signal and the positional information of the 
wafer stage WST which is the output of the wafer interferometer 3 1 at that time. 
[0234] The stability of the current beam position of laser, the stability of an interferometer, and the 
stability of the gain of an SPD - electrical-and-electric-equipment system determine the stability of 
such the base line of a stage scan type laser scanning type alignment sensor. 

[0235] Here, measurement of the base line of this alignment microscope ALG 2 is explained. As a 
premise, Reticle R shall be carried on a reticle stage RST. 

[0236] First, in a main control unit 20, the projection image of the reticle alignment mark PM formed 
on Reticle R is measured like the above-mentioned using the space image instrumentation 59, and it 
asks for the projection location of a reticle pattern image. That is, reticle alignment is performed. 
[0237] Next, in a main control unit 20, as it moves on the wafer stage WST and is shown in drawing 

36 , the slit 22 of the space image measuring instrument 59 is scanned to a laser beam spot, the 
measurement value of the wafer interferometer 3 1 is incorporated to the signal on the strength and 
coincidence of the transmitted light of a laser beam, a laser beam profile is obtained, and it asks for 
the location of the beam spot based on it. This asks for the relative position of base lines of the 
projection location of the pattern image of Reticle R, and the laser spot exposure location of the 
alignment optical system ALG 2, i.e., the amount of the alignment microscope ALG 2. 

[0238] According to the aligner 1 10 concerning the operation gestalt of **** 2 explained above, 
effectiveness equivalent to the aligner 100 of the 1st operation gestalt mentioned above can be 
acquired. Moreover, although the amount of base lines of the alignment microscope ALG 2 is 
detected by the main control unit 20 also in this case using the space image instrumentation 59, since 
the projection location of a reticle pattern image and the location of the alignment microscope ALG 
2 are directly measurable in detection of this amount of base lines with the space image 
instrumentation 59, measurement of the amount of base lines with a high precision is possible. <BR> 
[0239] In addition, arrangement of the slit on the slit plate 90 of the space image measuring 
instrument 59 may add what [ not only ] was mentioned above but slits [ which are extended, 
respectively in the direction of the slits 22a and 22b mentioned above which, in addition, 
accomplishes 45 degrees and 135 degrees to the X-axis to construct as shown in drawing 37 (A) / 
22c and 22d ]****. Of course, slit width 2D of a direction perpendicular to a these slits [ 22c and 
22d ] longitudinal direction is set to the same dimension by the same criteria as Slits 22a and 22b. 
[0240] In this case, space image PM 1 shown, for example in drawing 37 (A), scanning the space 
image instrumentation 59 (wafer stage WST) in the direction of arrow-head C as shown in drawing 

37 (A) By receiving and scanning slit 22d, the signal on the strength [ optical ] corresponding to that 
space image is detectable with a sufficient precision. Moreover, space image PM* shown, for 
example in drawing 37 (B), scanning the space image instrumentation 59 (wafer stage WST) in the 
direction of arrow-head D as shown in drawing 37 (B) By receiving and scanning slit 22c, the signal 
on the strength [ optical ] corresponding to the space image is detectable with a sufficient precision. 
[0241] In addition, since the slit of these each class detaches to some extent and is arranged when 
preparing 2 sets of above-mentioned slits (22a, 22b), and (22c, 22d) on the slit plate 90, the 
configuration which can choose the slit of each class according to an optical or electric optional 
feature may be adopted as the light-receiving optical system inside wafer stage WST, and a 
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configuration of a photosensor. With a shutter, an optical path may combine switchable light- 
receiving optical system and a single optoelectric transducer, and, specifically, light-receiving optical 
system and an optoelectric transducer may be prepared to the slit of each class, respectively. 
[0242] Next, image recovery is explained. 

[0243] It becomes clear in [ the equalization by the slit scan ] spatial frequency what kind of 
spectrum it is with the Fourier transform of p (x) from (1) and (2) types which were mentioned 
above. Generally this is called instrumental function P (u). An instrumental function is shown by 
(13) types mentioned above. 

[0244] (13) Filter P_inv (u) of the reverse property of the frequency characteristics of a formula is 
shown by the following (14) types, and image recovery will be performed, if an inverse Fourier 
transform is performed after taking advantaging of the Fourier spectrum of on the strength signal [ of 
a space image ] m (x) which has this observed. 
P_inv(u) =1/P (u) - (14) 

Since the upper limits of the optial transfer function (OTF) of incoherent image formation are 
2N.A./lambda, it is necessary to fill the following (15) types for perfect image recovery. 
[0245] 
[Equation 8] 
D <-±- ...(15) 



[0246] If the technique of the above image recovery is used, the image profile of a very thin isolated 
line is also recoverable. The isolated line containing various frequency components, measuring the 
space image of an isolated line in two or more focuses, and measuring the wave aberration of a lens 
using these is also considered. 

[0247] Moreover, measuring the wave aberration of the discrete frequency component of a lens is 
also considered by carrying out image recovery of the last shipment mark which is a repeat pattern. 
[0248] It is desirable to use. for space image measurement for measurement of such wave aberration 
the space image measuring instrument 59 which can measure the space image about four directions 
shown in drawing 37 (A). 

[0249] In addition, although each above-mentioned operation gestalt explained the case where this 
invention was applied to the projection aligner of step - and - scanning method, while imprinting the 
pattern of a mask to a substrate in the condition of having stood still not only this but the mask, and 
the substrate, this invention is applicable also to the aligner of the step-and-repeat mold which carries 
out step migration of the substrate one by one. 

[0250] Moreover, although each above-mentioned operation gestalt explained the case where this 
invention was applied to the aligner for semi-conductor manufacture, this invention is widely 
applicable to the aligner for the liquid crystal which imprints a liquid crystal display component 
pattern on the glass plate of not only this but a square shape, the aligner for manufacturing a thin film 
magnetic head, etc. 

[0251] Moreover, although each above-mentioned operation gestalt explained the case where KrF 
excimer laser light (248nm), ArF excimer laser light (193nm), etc. were used as illumination light for 
exposure, the higher harmonic of not only this but a g line (436nm), i line (365nm), F2 laser beam 
(157nm), copper steamy laser, and an YAG laser etc. can be used as illumination light for exposure. 
[0252] Moreover, although each above-mentioned operation gestalt explained the case where a 
contraction system was used as projection optics, actual size or an expansion system may be used not 
only as this but as projection optics. 

[0253] Moreover, when using a linear motor (refer to the official report of U.S. Pat. No. 5,623,853 or 
U.S. Pat. No. 5,528,1 18) for a wafer stage or a reticle stage, whichever of the magnetic levitation 
mold using the air surfacing mold and the Lorentz force, or the reactance force which air ** 
ARINGU was used may be used. 

[0254] Moreover, TAIBU which moves along with a guide is sufficient as a stage, and the guide 
loess type which does not prepare a guide is sufficient as it. 

[0255] The reaction force generated by migration of a wafer stage may be mechanically missed to 
the floor (earth) using a frame member as indicated by JP,8-166475,A (United States patent 5th, 528, 
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118 No.). 

[0256] The reaction force generated by migration of a reticle stage may be mechanically missed to 
the floor (earth) using a frame member as indicated by JP,8-330224,A (United States patent 
application serial number No. 416558). 

[0257] While including the illumination-light study system and projection optics which consist of 
two or more lenses in the body of an aligner and carrying out optical adjustment, the reticle stage and 
wafer stage which consist of many machine parts can be attached in the body of an aligner, wiring 
and piping can be connected, and the aligner of this operation gestalt can be manufactured by 
carrying out comprehensive adjustments (electric adjustment, check of operation, etc.) further. In 
addition, as for manufacture of an aligner, it is desirable to carry out in the clean room where 
temperature, an air cleanliness class, etc. were managed. 

[0258] A semiconductor device is manufactured through the step which performs the function and 
engine-performance design of a device, the step which manufactures the reticle based on this design 
step, the step which manufactures a wafer from a silicon ingredient, the step which imprints the 
pattern of a reticle to a wafer with the aligner of the operation gestalt mentioned above, a device 
assembly step (a dicing process, a bonding process, and a package process are included), an 
inspection step, etc. 
[0259] 

[Effect of the Invention] As explained above, according to the space image measurement approach 
and space image metering device concerning this invention, it is effective in a space image being 
measurable in sufficient precision. 

[0260] Moreover, according to the image formation property measurement approach concerning this 
invention, there is outstanding effectiveness which is not in the former that the image formation 
property of projection optics is measurable with a sufficient precision. 

[0261] Moreover, according to the aligner concerning this invention, it is effective in the ability to 
aim at improvement in exposure precision. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the rough configuration of the aligner 100 concerning the 1st 
operation gestalt. 

[Drawing 2] It is drawing showing the internal configuration of the alignment microscope of drawing 
1 , and a space image measuring instrument. 

[Drawing 3] It is drawing showing the modification of the space image measuring instrument which 
has arranged the photosensor to the exterior of a wafer stage. 

[Drawing 4] It is drawing showing signs that the alignment microscope has detected the alignment 
mark on a wafer. 

[Drawing 5] It is drawing showing the condition that the alignment microscope has detected the slit 
of a space image measuring instrument, on the occasion of measurement of the base line of an 
alignment microscope. 

[Drawing 6] The top view in which drawing 6 (A) shows the space image measuring instrument in 
the condition that space image PM' was formed on the slit plate on the occasion of measurement of a 
space image, and drawing 6 (B) are the diagrams showing an example of the photo-electric- 
conversion signal (signal on the strength [ optical ]) P acquired in the case of the space image 
measurement. 

[Drawing 7] When the space image of the last shipment mark of Rhine width of face of 0.2 
micrometers and 50% of duty ratios is measured, it is the diagram showing the result of image 
formation simulation, and it is the diagram showing the simulation result in the Beth ** focus 
location. 

[Drawing 8] It is the diagram showing the spatial-frequency component at the time of carrying out 
the Fourier transform of the signal P3 of drawing 7 on the strength with the original signal P3 on the 
strength. 

[Drawing 9] It is the diagram showing the simulation result at the time of defocusing 0.2 
micrometers from a best focus location. 

[Drawing 10] It is the diagram showing the spatial-frequency component at the time of carrying out 
the Fourier transform of the signal P3 of drawing 9 on the strength with the original signal P3 on the 
strength. 

[Drawing 11] It is the diagram showing the simulation result at the time of defocusing 0.3 
micrometers from a best focus location. 

[Drawing 12] It is the diagram showing the spatial-frequency component at the time of carrying out 
the Fourier transform of the signal P3 of drawing 1 1 on the strength with the original signal P3 on 
the strength. 

[Drawing 13] It is the top view showing an example of the reticle for measurement used on the 
occasion of detection of an image surface configuration. 

[Drawing 14] It is the top view showing an example of the reticle for measurement used on the 
occasion of detection of spherical aberration. 

[Drawing 15] It is the top view showing an example of the reticle for measurement used on the 
occasion of a scale factor and distortion measurement. 

[Drawing 16] It is the top view showing the space image measuring instrument 59 used on the 
occasion of a scale factor and distortion measurement. 
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[Drawing 17] In case space image measurement is performed using the reticle in which the pattern 
for measurement which consists of a big last shipment pattern was formed, it is the top view showing 
the space image measuring instrument in the condition that space image CMn' of the pattern for 
measurement was formed on the slit plate. 

[Drawing 1 8] It is drawing showing an example of the mark block with which the pattern for 
measurement of a false box pattern and others was formed. 

[Drawing 19] It is drawing for explaining the 1st measurement approach of comatic aberration, and 
is drawing showing an example of a resist image. 

[Drawing 20] It is the top view showing an example of the reticle for measurement used for the 1st 
measurement approach of comatic aberration. 

[Drawing 21] When the compound mark pattern with which five last shipment patterns constructed 
more than one the predetermined period, and have been arranged is used as each pattern for 
measurement, it is the top view showing a space image measuring instrument when the space image 
EM' is formed on a slit plate. 

[Drawing 22] Space image EM 1 shown in drawing 21 is drawing for explaining having two 
fundamental frequency components. 

[Drawing 23] They are the top view showing an example of the reticle for measurement by which 
drawin g 23 (A) is used for the 2nd measurement approach of comatic aberration, and drawing which 
drawing 23 (B) expands each pattern for measurement of drawing 23 (A), and is shown. 
[Drawing 24] It is the top view showing a space image measuring instrument when space image 
GMn' of the pattern for measurement which consists of the 1 -dimensional mark of the bilateral 
symmetry to which the Rhine pattern with thick line breadth and the Rhine pattern with thin line 
breadth were located in a line in the measurement direction at intervals of predetermined is formed 
on a slit plate. 

[Drawing 25] It is the top view showing a space image measuring instrument when space image HM' 
of the pattern for measurement with which the 1 -dimensional mark in the case of drawing 24 has 
been arranged repeatedly is formed on a slit plate. 

[Drawing 26] It is drawing showing an axis of abscissa for the measurement value (x mark) of the 
contrast of 13 points which the slit plate was changed to Z shaft orientations in 13 steps (step), and 
was acquired on each point as the Z-axis. 

[Drawing 27] It is drawing showing an axis of abscissa for the value (x mark) of the amplitude of the 
primary component of 13 points which the slit plate was changed to Z shaft orientations in 13 steps 
(step), and was obtained on each point as the Z-axis. 

[Drawin g 28] Drawing 28 (A) and (B) are graphs which show the S/N ratio about the focal detection 
at the time of applying (6) types under predetermined conditions supposing the example which used 
the photomultiplier, respectively. 

[Drawing 29] Drawing 29 (A) and (B) are graphs which show the contrast corresponding to drawing 
28 (A) and (B), respectively. 

[Drawing 30] Drawing 30 (A) and (B) are graphs which show the first order corresponding to 
drawing 28 (A) and (B), respectively. 

[Drawing 31] Drawing 31 (A) and (B) are the same conditions as drawing 28 (A) and (B), and are a 
graph which shows the S/N ratio about the focal detection at the time of applying (8) types. 
[Drawing 32] Drawing 32 (A) and (B) are drawings showing the signal of the slit transmitted light 
on the strength at the time of being 3 times, and the simulation data of the differential signal and 
space image reinforcement, respectively, when slit width is 1 time the minimum half pitch. 
[Drawing 33] Drawing 33 (A) and (B) are drawings showing the signal of the slit transmitted light 
on the strength at the time of being 7 times, and the simulation data of the differential signal and 
space image reinforcement, respectively, when slit width is 5 times the minimum half pitch. 
[Drawing 34] It is drawing showing the frequency characteristics at the time of being 1 of the half 
pitch of the resolution limit, and 3 or 5 times the slit width of this. 

[Drawing 35] It is drawing omitting and showing a part of configuration of the aligner concerning 
the 2nd operation gestalt. 

[Drawing 36] In the aligner of the 2nd operation gestalt, it is drawing showing a condition when 
measuring the location of a laser beam spot using a space image measuring instrument on the 
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occasion of base-line measurement of the alignment microscope ALG 2. 

[Drawing 37] It is drawing for explaining other examples of arrangement of the slit on the slit plate 
of a space image measuring instrument, and the operation of the space image measuring instrument 
with which such a slit was formed ( drawing 37 (A), (B).). 

[Drawing 38] It is drawing for explaining the conventional space image measurement approach 
( drawing 38 (A) - (C)). 
[Description of Notations] 

10 — illumination system (some of lighting systems and space image metering devices) and 20 — 
main control unit (a control unit — ) Some of processors, space image metering devices, and 22a-22d 

— Slit (some space image metering devices), 24 — A photosensor (some of optoelectric transducers 
and space image metering devices), 90 ~ Slit plate (some space image metering devices), 100 [ — A 
reticle (mask), W / — A wafer (substrate), WST / ~ A wafer stage (substrate stage), ALG1, ALG2 / - 

- Alignment microscope (mark detection system). ] » An aligner, PL — Projection optics, IL — The 
illumination light, R 



[Translation done.] 
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[Drawing 1] 
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[Drawing 19] 
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si^tc. jet^mp i 2 2a*}Bi«snfcBBn«i 2 3 
rjgfig^ tifcitMffl 1^ * /i/±©itsam/ ^ - vwfflp^ 

f^MP' fc*fLT> »«^-r-^*^UTIIBP«l 2 3 
&fcfflA©2Tfilfc:;£*U MP 1 2 2*»«LfcJ!BIJI!3te 

WMmc&o, H3 8 (b) ts?n«i^)t^ 

fc, C©I3 8 (B) tC^?tl§<fc3^*^fl#C[) 40 
Jfi^*ji*^lRlt«LT««-r*Ci:-7H3 8 (C) IC 

(C) fC^Sn^J; 5 ^«lcIxJ^T7-'Jxg 

[0006] frfrz&m®<DBrfflJkzfcriics-3<&& 
tf> nmw- 10-209031 wj&amitizicmmKM 

[0 0 0 7] so 



T^ra^^ff-ffliJLTVftdi:*^, 03 8 (B) K 

®mm<0 7 a 7 7" /l/%SSfe L fc® S / N ifctf 

<U ffilffl«*>636lffl«3afifil^K:S» , r*IRfi:«7'n7 

[0 0 0 8] COffi, Um03^Tt>, ±£LT'*£— 

OffiWJfcfcWLTxifirsSsBaV. «l*««fl»W5 8- 
7 8 2 3^^iftcW^?nTV^o LfrU K£?BicM 

sEmcsfmr set aBHtrfi o fc„ 

[0 0 0 9] *5gB^(i, A^i.WlfOT^^^n/ctO 

c ttf-xf* *fflB«ff-iiii*»&i;ffliB«w-«aiK«»« 

[0 0 10] *fgB^©^2CDg6*)ti, *9»)fc*3S 

[0 0 1 1] *fgB^(D^3<DgW«, IS^WficO 

[0 0 12] 

ztizm&x&mvmmm (b»m rh. R ay iei g h<D 

ST-a<ftl6nTV^J;'5(C > R=kXA/N. A. <D 

mm ( a immyt<D^m, n. a. «a»^3R€>Hip 

^t. klil^i/'X hcO^^Offifcya-trXfCt^T^ 

i sra«tfjiBfcffli/^6n*iaipo3i3(E35rfiio« 

MMSA, ja»Jt¥SfiDIWP»N. A. to 
W K: « « MtM* j* l± x frfr S « fc«f MSI 

[0013] i fcsatto^wtt, a»^3R (p 

L) (C<fcoTffM^tl?)RlT^©/^— VO^^ftaiJ 
•T5^fMtSiJ73jSTfeoT, fiSfPift (I L) lc«t,t 
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3R©*£tt*cMiIft 2#75¥iHrt-pS 1 *[Rltc5£tfS £ 
fete. cntcSiB^BuiB2^2pMp , 9©^2^[R]©i|iiA^ 

o©X'J >y K«tr5X>J>y hffi (90) SriWEffsEffi 
flS©ME 2 ^7c¥®rtT*HuSE^ 2 #|pjfc:^S-r 5 i: i: t> 

*c, twax »j >y h £iia bfct«nE!smjt*)tt««si ut 

COO 1 4] C*lfcJ:tU& FIBm^ioTRff^O/^ 10 

^¥^OTtWtcSifi^2^7c¥®F , iT*m 1 ^fflfcSEtf* 
i:i:ttc, CftlcSitftfMe2^¥ffirt©gi2;£fa© 

o©X >J -y h SrWr 3X U v>«*«ffiie#©ME 2 & 
2 TJrnncjti-r XU-yh^jg 
31bfcBaffl3tt*>t«SSILTXU -y KfcigjlLfcfigBJift 

[0 0 15] -f&fr-S, XU7hX*t^S(a!), 

RTIStftSo 

[0 0 16] »*q|2fca5«©»Wt4. S»Jtt¥3R»cJ: 

o T^gg £ n s ms©/ ^ - >osm«*w-jwr 5 ffiw 

M±.icBJ$.?Z>rMt ; S&E&f&Tfc^tDftttfcSitft 
2^¥ffirt^§li#ii^cffio : 5££&tc. crucmm 
ft ME 2 ^jWErt©^ 2 # fo©il#ME^ft¥?6<D 
HlnftN. A. *3?«LTS*«>6nfc^a:< fcfe IOO 
XU -y h*tf5X'J >y h«*ME«ffiifi«©«ne2# 

>y h*afflUfciHEfiaiB)t*3t^«iUTWIHX'J v h 
£rga L feMCflin^oaUtic IS C fcMIS3JH3*§£» 
^I8t ; 

[0 0 17] Ctlfcitltf, fiP^CtoTRJr^cO/^ 40 

ft^OftttfCgfift 2^7nT®rtT'^ 1 SGlfcffitf S 
cftfcMiI£Mffi2:^¥ffirtC>!g2#rSj© 

'M<ttl ocoxu -y hfcWf 5X1) >y hffi^ffEifi 

teotuie 2 ^7c¥ffirtT-^ 2 ^iRitc^s-r 3 £ 1 1 

X U -y h SrJga Lfe!g^)ttf8IUTX U >y h %M 



[0 0 18] ^ft*^ X'J -y hX*-V ^TaStCfc K>. 
XU -y KOjtjaE^riftOB^iaieJt^OHlPft*^*^ 

[0 0 19] ±E»:R«l&tf2teE*©&»i8fc:«S 

mbfc (A/N. A. ) JMTTfeSCfc36<a*L^o 

*T?*6ifcRAR£fflBn»N. A. ©M#*#*LTX 
U >y h©j£S*lfc©«#£A5ftT^.6©-e* It** 1 

w-w-r 5 c t w simc ft 5 o ££r\ x u -y h 0^473 

IpKD'IbA' 5 , (A/N. A. ) J-XTT'&SfcLfcWi. m 
UC, 5%mmi)\ X'J -y hC0^*7jiqj(DitB (2Di:t 

2D=f (A/N. A. ) =n • (A/N. 
A. ) £ LT, ^5aU-S/3VRffHiiSS*«!)igL 

■r ^5 i 3 K, ±EOt^«^«^«. X U -y h tSfSft* 
JSOBA^ 5> «^ X U -y h 0^4^[RlCDig 2 D V^g 

[0 0 2 0] d£D«^-fctiVT^ 4 ^!2«g£D|gB^ 

©5in<. huEXU -y FOhuE^2^IrIO*h«, ifilB (A 
/N. A. ) CO 0 . 8ffifJMTT?**«li:«»-JiaSb 
V\ ±^©to<, ltjSiJ»S<OSA->P,«^ XU-y hipiti/h 

<tntt XU»yMi2D*U/ (N. A. ) (D8 0%« 

[0 0 2 1] LfrlsfttfZ. X;l/— ^"«y hSBfr&ontt 
^^■T^t. 2 D3b^*t>fc/J^v>i:, XU-yh^jg 
»f S MSMW^S < ft t) f If T, f+SlJ^Hil i: ft S <D 

[0 0 2 2] ±ie«*« 1 &Z>*2 tC&ft<D&%WiCffiZ 

ftK^tO^l' >7 > FX^-X/^ — >© >y ^-T'^-S 
[0 0 2 3] tCT?, 3My->3t;l/M©Tt% fiE 

tg~>7 his^fflv>ftv>ii^/^— ><om&. ±m<om 

/hkf-y^t±, KtfA/N. A. i:ftt), ffiffly7h;^ 

X^ hUf*;W >0»^-k:«» ft 

/hlf-y^t±, t5ffA/ (2N. A. ) tft*Ci:A«, fit 
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[0 0 2 4] ±IS»*3S 1 2 fcE«©#«iPlfc:tt3 

SSfiS ft fHatejitcts^T, if ^ 6 fcEictQfPJf ©&n 

<, SffEXU -y h ©fuESI 2 #[R]<Di!ll±, fufEP.^B^£D 
&fi£A, sulBg^^mOBSP^N. A. <h LT, 
{A/ (2N. A. ) } (DGi&fetLTMfeZtlZCt 

CO 0 2 5] ±IH»*35 1 ~ 6 icmm<D&%wicis^ 

hMM»*ifi7-Uxg»*;6e:fcfc:J:?>7E©ffi|lfl 
ft *l§ltrrsie*HK:*trc i:tr««i4:*«-p#S 0 
[0 0 2 6] »^8K:ie«<0^W«s a»«*3j50tt 

mm®§zft¥JR*ftLTwm±icBi£.-tzxmb ; we 

tf3 RfT £H©X U y h < t 1 o SX'Jyh 20 
Sit&ituEgS 2 jfrfiHCj^Sf * i: t ttc, tuEX U -y h 

*m&Lrcm&mwy£*?£mmisXm!si7>v -y 
» l kWEsmytam&K. ts u «: yem&&m^*m s x 

Jfc¥3S©«MM$tt*:£i&*igi: ; %#t?= 
[0027] cntctntf. fig^fciorms©/^^ 

SB* 2 ^TC^FffirtT^ 1 ftfaKMTf zm^MOTs U -y 30 
h£'>&< fct 1 oftSXU -y h«*flME£«©«ffl 
2^7C s FffirtT?m 1 *lR]{cSit«:^2*r6lfc^4-rsi 

i: «, tc, x u -y h ^am Lrcmmyt*ftu&.& ltx u 

>y h *mm L fcBSBJ3ft©5&ftf;: JS 
[0 0 2 8] T%t>*>, XiJ <y NX++ySSt<);0« 

[0 0 2 9] ^©it^Cfc^T, M&g 9 tcGil0%gi 
©&<, ffiE/<£— S2?3[p)tC^)S-r-S7jfSltCjl 

Ittm^^-fyzy KX^-xy^-vTi65f^ 
fl]E)tft£iJH3^©tftfcH:& % IMHXiJyUROSJE 



»(S-T 5 ME?lfiWl^lRjOfiiB«:^Wr 3 c i: fc «fc 0 ffi£ 
Si^^O^x h 7 *-*XffiK^fflt5 

SCfctfT-^So ±E=lVh?XMi, 7*-AXfiiI 

[0 0 3 0] c<Dm^icis^r, ffi$tmi oicnm<D% 
m<Dm<. stie^x h7*- **ffi«©8Mi*, mejs 

51 Ut 3 <: i: tc «fc t>, WE»»3^»<D«®»tt*ttffi 

-rsxg^Htc-g-tfdt^-rsii^A^^So ft®, -r 

«&*£«E«\ }fcttl*>£>©Kl8tfg&3?HS&© 
-<Xh7:i— *XfiiB©tfcffl£, ME&f£ft^© 

[003 1] ±ESI*3«9 (cEttO^(<:««4g«t$tt 

ifflj^sicfcv^T, mami ncE*<o«w©jti< » w 

EJ9^)t¥m<D3fc«lfc*itt5ME^X F7*-*XfiB 
©^m^:, M^Stf-y^OjtSStOME^-r^r^KX^ 
-X/^^->{COV>Ti^(9JgbfTl/\ SWS#'<*->fc 

S^Xh7=l--*X{]iH©^t±l^, M^-Slf-y^^ffia 

g-/^— % -^X h 7 * — * XfiEH^SKSo* 

[0 0 3 2] ±E8«^qi8(cEK(0^(cfl(S«S«M$tt 
ItPJ7j}S^^3V>T. M#H1 2tE«£0fgB^(Dto<, M 
E^^->{±, ME^2 73[Sl«itS^MExy -y KDME 
»2^nftO«J:*)7<:#^Je^<^— v*^jS:< it, l o 
WE^Mf*©^figi:ME^^ 
HuES^¥^©i'^-^7-f-;l/K 

rtos^s{ftS(cSK?n«taE^^-><Dsramco 

Ltc «fc Off SttfciBSOJMgftfi^n^ftOffifB* 

*(cScJv^TmrES»«¥^07 r - 1 ' X h— > 3 yatffg 
[0 0 3 3] CC^ f-fXh-i/aVfclt Y^-->* 



(7) 

11 

[0 0 3 4] *5£Wlc£ftlg, {mWilii(D^mc£K), 

t>W©'>& < £ < fHB-r -5 c ; £ 

tSCtt Lfc©ti\ :/©£235lft©HtfX»,>v h 

£9'hZ^t. 3viKM«©fi&<DiRMO^Sfc«tt). 7= 10 
[0 0 3 5] ±fa»**8fCfB«©%H^(i:^S^^14 

m^z—isi*. ttflES2#fa©iH*<firaExy >y h©iuE 
^2^[RKDiH«fci3^:#i/->5e^/^->'«r^< tt, l o 
#€f ^ * - y T* tb 5 «£-fc % ME3? It8&©0fi!c t mift 

ffi^StcaoVTlitiE&I5ft^©-7 ; -i' X I— > 3 l/R 
[0 0 3 6] *S6WKJ:tltfx X7^Xffi^VftX7 

*c£vJeJB/<*— >*4>ft< <t£> lo#t?ci:i:L;fc© 
«> Sff&Ki 2<D«-g-i:(gl«<Dlifijc«t5o 
[0 0 3 7] ±Eff^*8fcE«©*£{£#teft8tf^j£K 

-y hX^VLfchtt, H«<D2SIHJ«<DMI§* 

yn-trXfcfc^T, -r-c •y-»^"A^i;5fci6^^S 
II fc^ftTVfc 1 0 jtm&©B 0 XT— <7 (sf ~y-f- — B 

[0 0 3 8] CO^ftiT, ffltiTOl 5K:E«©f§ so 
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fflBtfi|gSti*l98B-'<*->OSfilffl«tcov^Tll»)iB 

ffilWBOffiBfctft^ftJHti U K3¥ffl»*fc:3S^i/'»T 
ME«lB>fe¥3R«DfV x h--> a :/&tfte35©^& < £ 

[0 0 3 9] ±EIf#«8tcEiK©fgBJ3K«S^#tt 

E><*->«, ffiESz^iftfcWjfrrsarfafcBJWtt* 

Xl^l/fc©3&5tca^TME&7^>/^->©£§l 
MKttttftlttf] U KWffittSfcSrJ^TilflESieJte* 

[0 0 4 0] 3TiRM«, U>X©«*©<tflf-effiflstf 
g& £ CtKJ; 3 l^X*©ilXM &I5ft^©± 
**»6**ifce)tOiiM»0»»»c^D5o ffi^T, fttt 

^SBnfcffiBTtis y-oryKx^-x^^-y© 

2M»©F»J, &v-f:y/^— ^©ijStstenviRMtcfSD 
^ffi©^lStC«k «j&^-<>/<*— V©«fl|gfjffB«tft 

[0 0 4 1] ±EJfc^8K£K<0£fft£ttS4£B&1£ 

^-rs^-r^r^Kx^-x^^-^T'fesJs^-tc, m 

EBf JEOfflSi: L-T, lWEftm^g*M#©ltffE#7f > 

/^->©tr-y^cm-r5^ia*«&afig»i, s-j 

E5-T l/T > KX-?-X/ ^- >©3>flc©ffitc« J&T S 
^2JlKm^»t©ffiffiii^»ttiL, Kffiti^Stcao* 

A^T- * 5 0 ^PJftft«©W^ i: * a - >©^4?3 rsi 

=7^ y7yKx^-x^^-yiDS7-i' v©^ 
mmfctt?z=i^w.m<vB?g£. 7 -fy7>Fx^-x 

^^->©±^ 1 o©/^^— y^Ufcif ^©^©/S* 
T3fitia#Ji&j!£fig#i:, 7^>7>KX^-X/^ 

- v©jfe#©«fc »«-r as 2 sj&stfig^- 1 ©{swan* 

*»**«WfcJ:ntf, (uffl^t±l©¥>4tcj;f5. SUft 
^©3TiRS^»«S<#J6-5ci:A^^S <> 
[0 0 4 2] ±EW*«8mE«c©f§B^(c^s^?ftt 

tt«sat*^T, at&gi 8 fcE«o«w©»< , hu 

E^^->{±, ME^2 7^i«i{cWJS-rs*[RitCRffSF^Pi 
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t-si? tikmrnomrj: s 'j>% < t & 2 1107 -c 

X^Xffi^fflV^ci-y^WcD^&K.fc'K ffifB 
[0 0 4 3] «*JS1 9lC|E«c©«0J{±, &I?7fr^C 

^sshjt § list (10) j: : mmme^tm%<D^m 

tucmm.^ 2 ^[pjoeA^j: t?^:# < BtjieF^Tt^is 
m\ztmmmft¥?k<DMnmN. a. ti&l*: (a/ 

N. A. ) WTT'feS, 4>&< i:t lOcDX'J >y 

f 3XD -y h« (9 0) t ; IM2XU y MS^iSi® Lfc 

IWEfiaW3tt*3tt««»LTs fufBXU-y l-^iSjSLfcM 

SUR? (2 4) i: ; «HHJHWSBKJ:0WB5^^->*< 

T\ HrffBfSffiifi^<DH3IE 2 ^TlrtfWEX U -v h ffi 
^MIES 2 ^r&ltc^S-r Static, SMEftBaSUR? 

SSStfWfrfcWttl-rsfflgStB (2 0) i: ; 5:1x5. 

[0 0 4 4] CtUCitUf, JSSBKB»i:«fcoTBrS©>< 
^7c¥ffirtT?M 1 7a filfcKtf < 1 1» 1 OCDX U -y 

ftlBWWMlEtiS. C(D£5lcLT. XU-y 

tiSo CCIB, X^y h^cflM^tifcX'y-y 
h ©i£S?j IrI©!!**.. (A/N. A. ) tTFT*2&3© 

[0 0 4 5] »#« 2 0 KfEB©J68!fci\ ^X* (R) 



fc©#snfcigis><*- (pd 

TSffi (w) ceftSBJtSBTfft^T, ffflEKS^ 
«8r"r*S«X-T— • 5> (WS T) : buISXU -y Mfi 

(9 0) *WIBS*Xf— ^4:-fl:T?»ftRr(ilK*fig« 
nfcBfcR* l 9 fciBtt©£lieBfHH!Jgfii:*fiS* 3, 

[0 0 4 6] Cftfc J:tUf, XU -y FStfigXf-v' 

»w-»«B*B*.scfcfr&* vx^ca^© 

[0 0 4 7] CCDM&iOS^X. 1**12 1 lCfE«©fg 

m©fcK, mm^mmmmmtzm^T. a^©-?-^ 
^%<Dmwmm^ib zmmmm (20 zmicmz. 

[0 0 4 8] ±12W*«2 0 (Cie«cDfgB^(C^§S^S 

30 Xr->"±OT- ^cDfflB^m-r^^-^^tiJ^ (A 
LG1XHALG2) : MSB^HfMtS'JSfi^fflV^ 

fiB MIBv-* ^HJIJ: (Offi»fflB|»««tttb "T S M 
E«»3fc^3Rfc J: SH0f3vX^co/^-><OSiJffiB, 

[0 0 4 9] 

[fgB^<D^figcDjg!i8] «^ 1 commmtm «t, 
50 coil 1 (D^m&m&m 1 4^ti3 4 tcscJvTittwr 
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[0050] mi icit, m i <DmM&mtc%z&yemm 
i o otomnmnm&^stir^o comytmmi 

[0051] ccos^ge i ooit ftM&tffgej!^ 

&S«X-r— ^fcLTW^X/NXT 1 — i^WS T\ RUH 

[0052] msssmjk loa, sum— ffafe¥ 

[0 0 5 3] MIH^il tLT(i, ccm — ftltL 
T, K r FX+i/TU- tfft (j&g2 4 8 nm) XtiA 
r FX+i/71/- tfft (j£gl 9 3 nm) ^fcH^f -5:n 20 

[0054] m^xs^tfr-f^^yY^ mnnmtfm 
(Daimu^-^fvy^-ov 1 2 (0 1 Tte&^aus, 0 

te-r?*- axLfcSKEBStu Uf-*rt/R±<Dft# 
fl?X y <y htt<0jH9!1Rift I A R £8tJ£f*$gJ£IIHQ;b'<Jg 
JS£*IT^5. Sfc, RT»J U-?- * 1 2tiv 
@^U-^^;Uy-7-i'>'K(Oj£^CDU^-^;l/R©/^^— y 30 

[0 0 5 5] BfflfflK 1 0t<t5i:, 3t»?»^LfcII3tt 

x,tLT<omwft rmmxi lj tnwo i±?f 

U yX^%iii® L T ESS/ ^ — >mtfiffifrtitc Is* 

[0 0 5 6] fcfc, BlftU-^^^y^^^K 1 2tt, jt 
*»JttOffl»6«pRtf»7«f »c±»JfPS« 2 0 K J; Tf&J 



ISHS 2002-1 4005 

16 

*$zmBM?l±s TOUfi'^7'fyF 1 2A\ 
^^%^Rfliftff8ll8g(cJ:S$IBf«on-jn<0R(O!iamffi 

[0 0 5 7] tulBU^^^X^-i/R S T±&C(i, 
t7;I/R*\ MxtfUSS©* (XtiBBJiW) fCfc!)B5£ 
^nrv->§ 0 l^^^^l/X-r-^R S Tti, CCTIt U 

«k^3. SBE-TSJSKJtt^PLOJfcttAXfcSiaftXY 

^iRlRtfXYVffifciSSE-r^ZttigOOIaHK^ilRl (0z 

^ ;l/ R o^ffijy^ft < t fi»ft39fc P L tDjfefftA X^r 
[0 0 5 8] U^^l/X-r— >>R S T±fCW\ U^-^Jl 

ls-*f=FBm (ttTs ru^;i/T-*£ItJ 13 
*»601/- If e-A*SS*-TS^ii)» 1 5*<H/££nT 
43 0. b^/l/X^— ^R S T©XYffirt<D{^B^il-' i ^- 
^^ z F^*W•l 3fCj:oT, 09;U£O. 5—1 nmgSC 

ft) teiKEfsswiB^-rsSfft*^^*^ (x 

i±2WK^6nTv^*v iai tiicn e. a^^jc^ 
gj^i5, \s?-?)V=fmii 3 tLt^nt^So 

[00 5 9] U^->)V=F^l 3A-«P.(3DU^^;l/X-r- 

v^r s T<DffiB«^«, > (x«v-r 

^onvtf^-^) A^?>fig§±S(JffliS«2 OtciMeti, 
±^882 0T«Uf7;l/Xf-yR S T(DffiBlf?g 

T-— ->"r s Ttzmshfaffl-fz,, 

[0 0 6 0] WIBJft»Jte*SP Lt±, Uff^f-i' 
R ST©Hlt43tt*"R5rfcEB*tU tOftiAXO 

^»J^T'S0. ftMAXJfrfafc»oTffiSWRraB« 

Sfflsftti/^. c©jjaj3«*jRp LQj^i${^ c 

cm — mtlsT 1/5 tSoTW. CCDfzH), ffi 

m% \ ots>z><Dwmyt \ l^j:otu^-^;i/r±(dxu 

^CQX'J-y bftmfflf&t&I A RrtOU^^/l/RcDIelSS/^ 

*«se*snfc>>x7NW±€)ffiiBfiaw{a« i a r ttts* 

B^B« I AJcjgfigStia. 

[0 0 6 1] suie^Ji/NX^— iy'ws Tti, Xf-^ 
-XI 6±ffitC?GoTCTK.tfaaEmj?±^2^5 : c';^TZ 
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*? * =L X- £ P, fig £ X/ NX r-— K. 

<fct>, XY2^7cMrt (e zEllE«d€r) T*g£K|g» 

nx-£«, Xltn^A/, YfgKjn-OKDflfi, ZJ§g®j 
xi'Ol/^&lf LTiA3fcA6, 'JXAXr-^WSTa, 
Z, 6x, 9 y«03&***iftf!:t,«^B«i««nrfl|ft«| 

[0 0 6 2] >)XAXf- J^WS T±lctt, ^x^jfr;!/ 
^2 5*fflMTCtU lOx;^;^*2 SCioTW 
/>W*KffiK« (Xt4»«K«) fc<fcoT«Kr*ftTV 10 

[0 0 6 3] ^XAXf- -^WS TtCftX-T, U 

xT^-^fe § -^^OffiK^fC «fc o T X Y 
2 #7GD5f*}T©;WBl&£ft-5 2 ^TC^fSX-r— v^ffl V 
>>XAtv;K2 5^ Z, 0x, 6y©3 
g tCjf^i'Xxi'Ol/^— #^fC«fcoTi«<WE»l2 

[0 0 6 4] HulE'J'X/NX-r— i^WS T±{ctt, >>x/n 
U— «fT»W- («T> r>j7X/vF»f+J £^5) 3 lfr 20 

sou— »fif-A*s»'r*Sfft*2 7*«ig*n, n 

ywSTOXYffirtOflaWMitfO. 5~lnmlfi 

[0 0 6 5] lCTn ^fCfct, ^XAXf-^WST 
±fcti, ^4il7te^^)*ft*(pIT'*§Ytt^(6iti:ifiS-r 

&ft3 lttYlttTlftte 1«, XM£A(Ctt2lMRt*&ft 
Tl^Stf, Hi TH*Cft&tfft£ttlc{MMt2 7. *x so 
/^*tt3 1 t Lt^jntV^o ■Jx/nXt— >*WS 
TOffiWWB CXttautlMD fi±§iJffliS»2 0lcm<b . 

ft, ±a»gt 2 o T'«suiHfiBit $s cxttsaRtiHH) 

^xf-yws T<DX YffilH(D{iLm : Zmm-?&o 

[0 0 6 6] 3:fc, ^XAXf-^WS T±Cl±, tSO& 
Jt¥1& P L 0*S««rttOW-ffl|fcfflv^ 6nS2»IH«W-»IS 

5 9#K»±&n-cvs. ccr-, co2»iaiMHw»5 9 

©IfcKfco^TgSifi-r*. co^m«SHH9S5 9«, 0 
2KlS;*ftS<fc5fC, -)x^Xf->*WS TO— 4$g|3± 40 
iBfcW*6*lfc±aW|llnbfcSaR»5 8 aflSfl-fcRtt 
&ft"CV* 0 C OglHMSffiRIS 5 9li, ^SSI3 5 8 a© 

QitiS^T, 82, C Cf)tiJ7X 8 2 0}±®KflM£ 
ft, f©-3(CX'J <y h 2 2A<»Bj«2ftfca»teJH*j||Ma 
3KWJS8 3, X'j7h2 2TS'>XAXr->*WST 
rtaSKEgSftfcU^XS 4, 8 6*^5)^-5'; h—ft^ 

mvis-ytm& (8 4, 8 6) ict^t^MS 

»f*#f !3Efttf5'7-8 8 (CCf> U>X8 4, 8 6, so 
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Stf55-8 8tJ;ot§M¥l«?n5) , ft 
tf««SiftJR?i: LT<D)t-t>"9-2 4flS*^?*rit* 
ftTVSo 

[0 0 6 7] MIB^*"7X8 2COmttt LTti, tc 
T?f±, K r Fx^i/vU—tr^, &3VH±A r Fx+-^ 

5*£#m'»&ftS. Sfc, ^-bv-9-2 4 i:bTti, fit 

£ft3o ftfc, #H«5Jg!iT?t±, SM5X8 2MS 
»l8 3fcJ:?T, XU«y K«*^fiK?ftTI/>S 0 
(OmWlCtS^Tli. Sfttf^X 8 2 fcS»«8 3 tfrZ 
^X'J'yhfe jgfl: TXU -v MS 9 OJ £B?.£fc<D 
fcTSo S&8©fcK % XU -v h 2 2HgttM8 3 

{tflM^ftTt/^tf, fitTfcfc^Tf*, flCt±XU-yh 
&9 OlcXV <y h 2 2 #Jgfi££ftTt/ LTlKHJi 

[0 0 6 8] *HM0B»Ttl, &S£-f 5, U*-*;l/Rlc 
^E£ftfcIt»S'N*-><9&Igft^P L^LTO 
SUfis (£MflO ©St WORK % 8U&3tt¥3SP L*aa 
LT t fcfigW^ I LtCio T«IB«ffHRI» 5 9 JST 
3X U >y h*g 9 0 tfHglfliS ft-5 i;, ^-CDX 'J7 hfi9 0 

±»xu7h2 2 ufeBBmate i l w±SB&9&e& 

^ (8 4, 8 6, 8 8) ^LT^yt2 4T§^ 
ft, ^■tr>^2 4^e,^-©S7t»tJSCfc^«^m 

[0 0 6 9] *43, 4t±, i^fLt^XAX 

^-^WST©rtg|5tC^tS^St±*<, ffBAtf, 03 
tC^^ft§^raftltS!lS5 9' ?fe-t:>Ht2 4^ 

■>XAXr->*WS TO^gBfclgEHLTfc&^o H3(C 
*5(^^T, 'JxaXt- -;WS TfCti, ^-cD±®^>>x/n 
WOaffltStfi- Mi$ftft2 0CDi£Iig|5 5 8 a, 5 8 
b*^ttSftT^3o tdgP 5 8 afCti, H2©»^fcH 
«lcLT^fi5t^ftrcXU-v h«9 0^WC,n, KXU 
>y hffi9 0TS©^XAXf-^WS T£DrtgP{;:«, \s 

>X 8 4 , 8 6M5 7-8 8«2t m&<DtiL&Mm 
VBMStlT^Zo C<Dt§-&. fx/NXr->*WSTO 
F*3gPtC«, K8 StiRttSftT^*. CO7 

-rh#-rF8 5«, fOAW8 5a^ XU<vH2 2 

fc, COyl 1 hTJ-f K8 5<Dl^ffl4S8 5 b«, Ag|55 8 

^ftTl/^ 0 

[0 0 7 0] m^uyXS 7©±*{C«, Ki^Tfelx^X 
8 7tCtt^T^g£DS) , £U'VX8 9*<E«£ftTVS. 
il(Dg7fcU>X*8 9 ©±73 OlhfdBiffl 8 5 b t«fS^ffiB 
tct±, ) l d-lr>-9-2 4*"iEB*ftTi/^ 0 cft.e.STtU-^ 
X*8 9 2 4tt, iEO{lliBI{(i*«5Tir 

-X9 2rttClJX*ft^ft, f£y-X9 2 «^F0^cO@^gi5 
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[0071] c©03 cD&mimmm 5 9 * -c-t±, m& 

**PL*^LTOSag« (2SW«) (Dtfa©BHK. ft 
EB#9** P L «aa LT * tejaWJIfi I L te J: -p TfflMfll 
WWS 5 9 ' ZMfit? % X U >y h 1£ 9 0 *«BSWStlS 

?©X'J >y Mg 9 0±<DXU >y h 2 2 ^jgjiL/c&B 
Ujift I L#l^X8 4, 5 7-8 8SlfUyX8 6*/l' 
LT^'Ch^ K8 5©AJ«B8 5 aKAWrSo 7^ 
h jtf-fK 8 5 T'jfAWcftti. -?-<0S=faji$ 8 5 b 5>ftf 10 
tU«nfc», ^1^X8 7£^LT^:n/NXir-~>*W 

s Tvnmcmzmzti&o fit, -etD^x/NX-r— 
^wsTo^aptcffajsnft^, s^u>xs 9* 

frS*©S^«cjSC!fc3ftta?iM3l5 Ofc»I#) P*< 

coo7 2] cold, 9mm'**-z/<D&&»<D9m 
it2 4^ temtzctiaz*. tcx% coasrafifcn- 20 

H9B5 9' T*ti, BrSoKHflTSatrrsigftUvXs 

K» «-U>X©7ct^^S^*tlTi/->5o 
[0 0 7 3] C©«fcdfc:* gMflttlM 5 9 ' 714, X 
UfHfi9 0, 1/VX8 4, 8 6, =7-88, h 
K 8 5 Rtf2BteHoC8 7 tc4 9 . X y -y h 2 2 £ 
^bfc^^oi/NX-r-^W S T^tc^ltti-rS^ttlgP 
**«J«**U S7tb>X8 9RO'7te-trV9-2 4K4o 

8 7 fc33fcU:/X8 9 fc*^LTft9*WK:JS«3F*l*. 
[0 0 7 4] -T&fclS, ^MtMt§5 9" T'fcJ:, ft-fe 

^24 a^x/nxt^-^'w s t <o<A^>oym^Mm\zm. 

IfbftT^Ztclb, ^-bV-9-2 4<Dfg^fcSaHLTL^- 
tf TiSfrffl- 3 1 OffS!l»a^tS^#^#^ tcKttZCt 

-S>W S T <DW$ tftffit tf^J h i}<< KfC J: *> &Wi1£ 40 
ftfc*t^<Dcfc5tC'7^/NX-r-v f WS T<D®I&8tfi#S 

[0075] afe, Qmrnmrns 9 cx«5 9* ) * 

i«tSX'J»; hffi90±<OXU 7h2 2 CD»#K, Tft* 
^1, KC^MfltttiM8g5 9 (Xti5 9' ) J&ffl^TfTfc 

[00 7 6] HlfclH), Jft»Jte¥3S P L (DMmiCli. 



C(D77^^>hMALGli:bT, iBfiSftlS 

Sr^CF I A ( Filed Image Alignment) ^10771'^ 

ALGltts H2tS?*l«J:7lL 4 77^^Vhffl^ 
M3 2, A-757-3 4, SlJ*ftU>X3 6, ^2 
*f1%UVX3 8, JMKJK? (CCD) 4 0f^tl 

3. C077^^>MSfltfl|ALG lilt B4fcj5*;£ 

-3 4, m 1WISUVX3 6^LT'7J1/nW±<7D7 , 7 
^MwfcRglDiU ?©77-Y^>h?-^ 
»#fr&0E»ft*aSl*H*U>'X3 6, A-7S7- 

34. m 2 ftvsv->x3 8 zfrL-cmmm? 4 

- ^ m w om&mmtf&m 2 n s „ f tt, c<ows» 

*Mw©Kff«te#j^s^a^9tf»tM|e?4 Ofr 
£±3ifJGUfiB2 0fc«^n5o £IBIfl9i£EB2 0T&, 

'SVr3 1 ©ajTjT-fe-S'y-x^X-r— i^WS T ©MBit $B 

fcK»3vvr» i <o«is?n5x 

[0 0 7 7] Mfc, *iffi^l©I)tgll 0 OT'ti, 
iit^nsi^;:, ^Jffli^fi2 Otct^T:*-^ 
7«<IW»sn*3t«*WL» «»«*KPLOlS«iSfc: 

rctb<Dt$mytM*. ^iftAx^Lrf^^iRiJctjBai^ 
t5S9«^6 0 a ^np.©^)tem©^x/NW 

5l4AW^O^^jSfi[B«ia^ (7*-7jX-tr> 
•9-) ^Rtt6tiTV»*. ±S<Jffil^B2 OT'tt, t9>&ftm 

*«**«l»^-*Cfcte«t»), M)t^PL<D7t- 
*XS!»fc:J5CTj!!uafflBtta^ (6 0 a, 6 0 b) 
^"7-b<y h%^TWty7U—>3y«T5 < t3 
lc&oT(,>i>o *33, *^fiS«ffi0^f4B^m^ (6 

oa. 6 0b) £mm<D&&m&tfLwmm%k (7*-* 
x-t^-9-) ©i¥aB**fig«, mz.immw-e-2 8 3 4 

[0 0 7 8] i$)JfflIgB2 OT'li, 

s^)t^6 0 b^e.o^-rtifg^ (7^7^-- 

ft%5J;?li:7iAXf->*WS TtozfiEB&Cftf v 

=f->^m (0 xiatea) atfa— y>y« (eyic 
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[0079] #tc, *mmm<owmm i o otcfctt 

[0 0 8 0] *r» THi5W>U^-^MKa9RlcJ:9U*- 

*;Wf-^R S Tt»tfij$*n5. £b» 
&B2 0»C<fc»K ^lAXf-i/'WSTRtfUf^^X 
f-^RSTOfiTOJSJn, ^?;l/Ri£« 10 
tlfc^Pia^(DU'^^;l/7^'l'^>hT-^©S^ 
MB) tfffilHJBIHMB 5 9 *ffl^T»ifi-r S J: r> lc LT 

[0081] *ic % ±ansi2 o k «t smba-si 

S5 9^77^r^yhmWRALG i ©snpNttB-rs 

h«^RA L G 1 KJ:-3TffilfflBiHIBS5 9<D{mBS?P 
t&5X'J -y h 2 2#&fcH£tt3o 05fCl±, C©77 20 
-f^VhmALG HC«tt>TXU>y F2 2*ttftfB£ 
*lT^S«7#7K2f*lT^So ±SiJ®SB2 0TU C 

-MliOSKteBtT^^^^h^lSA LG 1 toft 

*hm, irKttT^^ *yvwm.m.k L G 1 ©^-X 

[0 0 8 2] frfrS^-X^^ftSiJtf^T^t, ± 
ftJSDSB 2 0 K J; t)> ffl;Ui*#IPS 6 1 -4 4 4 2 9§ 30 

'£Mr&E\z.mMtcM7f&ft%> EGA (x;y,^;yx h • <7* 

W±Oift<0S/3 >y h^0 3^0^i6^i65,nfc^ 
€)+>-^y;l/'>3 >y hd l i?iA77'C^yh - 7-^Mw)b' 
77^^yH»«ALGl*fflV>T, tffa<Lfcto< L 

[0 0 8 3] #VT\ 3fc?MBgB2 OT'tt, ±T?;Ri6fc 

yifcl^^T, T»tt3 1, 1 3fr&©{ftBi«B*;E 
x£LOO s ^XAXf->"WS T^I 1 ->3 7 M« 

— >*R S T*j££MteffiBKffiBft«>LT\ ^©tH 1 
3 y h«*©j£SB}fc*fT3o 

[0084] -r&fr^ ±SJWStB2 0-ett, u^^;u 

Xf—>*R S Tt^XAXr-^WS T Yffl7a[pj2S 



[0085] ±%mmm z o mc±ia<D^ss7te 

f>lAXf-^WS T £0 X llllTj [Rj<D&lJji&g Vwttfi 

sb#*jrp Loiftiefs^sKjscfciasitKKtif^n* 

i^tUfy^Xf-^'R S TRrf^XAXf— ^WS 
T*|!BIBffi!lSP-r<5o 

[0 0 8 6] fLt, l^*;l/R<D^£-;/^<Dg& 

\i/avvm&<o%&uytt>mT-?%c cmc&v^ v 

->3 -y hffi«£^/jN$5¥2n-5 0 
[00 8 7] C r> LTSfl 1 5/ 3 >y KBttOjtSB^^IS 
7^5 lyXAXf-^WS T^2'>3 7 fi«cD 
jfeSWa&ffifi^SW a 7hWXf7lfyy*l 

{ttfto* fLT, ^£0^2-^3 >y h^<D^4^^ 
±Klii:lRl«tcLTfT7 0 m S3^H-y HS«WB«. 

[0 0 8 8] CC0<k-5(CLT, ^3 7 hPlOXfytfy 
t->37h £Dj£ttB7fcfM£ i: #86 0 mzti, Xf 
7 7*7y KX++ ^ST"J'XAW±03lT<D-> 3 >y h 

ffiistc 1> ;i r ©; \* — yttmm S tl 3 o 

[0 0 8 9] ±IE<D^SIi7 , d't'^« s 
ISP L(C— ftWtC^^P,nfc7*-7!jX-b>'-9- (6 0 
a, 6 0 b) lC«fcoT^x/NW«Si:S^^P L 

(^(Dftffi) tOP^PS, XY¥i (fSffi) tcWT5(S?4 
«W« S ti. ±$iJ$Jgfi 2 0(eioT7XAW*Ii:a 

i i?x/ , \X'T" — v'W S TA^^USBl^ tx^o 
[0 0 9 0] ±B©jt36BJttfffc, U-^^yb 

rcO/^^— >'i:•^7x/^w±(D->3 -y hB*StBEfc^fi8S 

[0091] ^mmnmx'it, ±isott««fttow-w 

SMBn-Big 5 9 X« 5 9 ' (WT> fts urs 
B«ff-Bffi5 9j fcf2f) A«ffl^6tiS. C©^ 
BBM-BB 5 9 lc «k 5 ^MBfhB. R tfSBft** P L 

[0 0 9 2] m2lCi±, $W»»filS5 9*ffll^ U 
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t>£, b^^PX-r— S>R S T\c\s=J->7)\/t.fflft%<r>ii 

[0 0 9 3] llT\ b^;l/Rfct±, 02{C^^tl5 

&ok, msoBBfKxw^riRncajwttss-rs^^v 10 

U*yM£9 0{ctt, 0 6 (A) fc^n^i-pfc, YW 
#filfc:tttFS8T£«2 DOXD -v h 2 2*«?nr^ 

[0 0 9 4] ^Hf*«ItSiJtC^fcOx ^MWUMZOliC 
KKft&gfcfl- b TiSHi^ ti> b^ * ;U R OJSWJt I L 

mzmm . cottars bbw^i l^wa/rc 

fiB»£tt3i:, H 2 testis* ate* 3tfflm>*Z-^ 

^ p l «£ d siffstu Ksee^s p l ©ttffiKtt 
s«ffl/^->PM<DSW{t (suit) pm' tfjgisn 

5 9<DXlby h*£9 0±©XD y h 2 2<D+X<ffil (X»± 
-XfflJ) fctaBK&rattPM' *^fi!c*nsffl«K:RS* 
nt^SfeC^tSo COtf?©«SIHI«»HII»5 9 0T 
EEtfUe (A) tC^^tXTVSo 30 

[0 0 9 5] ^LT> ±«WS|I&B2 OlCfctK ^i^X 

(a) ^ic&mFT'Tnztizzoiz+xjsfaicmm-sti 
^s?ns 0 c^jtaEsffc. x>j7h2 2*iiia-r5^ 

(Xf±H3©»^ ^ffigP&tfS^b^X*) %^LT 
^-bV-9-2 4T'§7t^tl, 

H2 0fc#|g3ns. ±frJfflIJ§B2 OT'fi, ZCDKWM 
[0 0 9 6] 0 6 (B) IClt, ± 8S<0a W«tffHW«0WK 



24 

[0 0 9 7] CH)i^, 2?fliJ{§PM' liX'j7f-2 2© 

[0 0 9 8] fcT, X'J-y h^-p (x) , £|HIA4)& 
fi#fiJ£ri (x) , «WSn*3fc»S©**m (x) £ 
tSi:, 2flfl«©3iUlE8*lJ i (x) fc«WS*i«5IM 
*§m (x) OB8«tt*© (1) ^gtCt^tSo 
£<D (1) StKfc^T, 8»fi#*fJi (x) , &ffi<I^m 

(x) o^ffiii^ffifts^fcijco^afc-r^,, 

[0 0 9 9] 

m(x)-]p(x-u)i(u)du -.(1) 



[0 10 0] 
[»2] 



(Ws:d) 

(|xj>/» 



(2) 



248 
248 
193 
193 
193 



[0101] mfflztiztmmmm ( x > u 

X'J7f-p (x) fcffl|W«©»S^i (x) 03^ 

[0 10 2]fcT> fH«»tfEOffi^6f4x X'JyhO 
(KT> ¥K rxUyHHj fc"fcS0 2D 

[0 10 3] ?§HJi#M\ x>J v MH2 D^r, STOft I L 
<Di£SA, a»mPLOBP»N. A. cDMtfcf 

(A/N. A. ) h LT\ i^©->5aU— >5yM 
*)j£UT-ofCo *©ISS, X'J'V h ifg 2 D = 
n- (A/N. A. ) £U «tn<li:L/i:^ 

t tt, a!i««-»ffiiB* &&m^<D&m(omiz&7' a -7 r 

[0 10 4] ±E©a»ftfi*C-«I*3^:tf, 

[0 10 5] 
[Si] 



B=A x Q, 8 



0.68 
0.75 
0.65 
0.75 
0.85 



364 
331 
297 
257 
227 



291 
264 
238 
206 
182 



[0 10 6] ±IS3!1 J: -MC IWPft, ^ Q CtOgfiOXU h«mSSO^nAU^-^;l/ (7X 

B) ttflasft^ W3 0 0 nmWTAWd:lT^ so § Q 
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[0 10 7] *Ul±U?-?>Ut, mn\ 0 OnmgfO 

te, 2. 2 8 6 mm, 3. 0 4 8mm. 4. 5 7 2m 
m, 6. 3 5mmJp£Dt>©*^PWT*fe^„ 
[0 1 0 8] JixEOfcCKv XU<y h*l2 D« v /J> 

•fe>+J-2 4 i: bTfflt^*^fcli, XV -y MItf#flrfc 

mcit^ -feiDmmft&Ztcit). XV-y hifi2D#&i; 
tHC&/jM*V^ s XV -y h 2 2£iSi®f37 l £»rtVh£< 

[0109] immtfis-Lz.u-^B yRtfmmmc*. 
vmrctamczntf. xu-y m^dcd*®^^ m% 

[0 1 10] cn*T©attWjb^6W6A»4«t?fc N 
fiS0SST-», K8W3^3RiO, &R9fllSfM5 9 (XV 
>y h!S9 0S.t>*^-fe>"9-2 4%#ty) , ^ol/nx^-v' 
W S T %.Zf±fflWmW 2 0iao TSW^iffJgB*^ 
BKStiTVSo cert, £MH8eIB2 0icJ:t> 

[oi i i] jhjfiLfcgmmmttiratfffimmm& 

SS« N a. ^Xh7*-AX(iiSO^ b. — V 
flM)«SflM&B<DWli, c. T^^f ?l> MMjSKSlA LGO 
^-X^^>H-aiJ^tCffll,>P,tlSc 

[oi 12] *mm&m<D&ytmm\ ooKfcitsc. 

^- X -< > fHW K. O V ^ T « BttH t <D T\ fcCR 
±f2a. ^X ^XffifiO&ttt&tfb. > 

ft ©^{fsfiBo&tmco^T. *jSW*£*.ft# BMW 

<^Xh7i-A7ttlOtffl) CO^F7*-AX 

[0 1 1 3] 07—0 1 2&Cte, ^-0*10. 2ftm. 
ra-fY ft 5 0%i?)L/S v-^©?gP^ff^Bu^Lfc 

3 ><D#kmi. *mft(D%i& 2 4 8 n m, JS»^3R<0 

n. a. =0. 6 8, mwoxK— uz/xy??* o = 

0. 8 5T% X'J>yhi2D=0. 3fimT'J5 0 C<D 
4km±. aiOBO^tttifil/io 0 7—01 2tc 

*3V>T. UttttiXU -y KDX<&« ((im) =£jSU ffllS 

[0 1 1 4] 0 7«, ^X ^7*— *Xf>zBT'<Di>'5 



nzifoB P2tio. 2)iraL/s <DQmm-? ( 1 ) so 

1 (x) tfisu jiti«n»**n*«}BP 3#xu -y h 

(1) a<0m (x) CllStS, 

[0115] m8imKD&mm^p 3. -r^^^m 

(x) *7-UxS»LfcKOffi|IBHi|ga^*, tcO 
§£fift#P 3 fcfc&fcjjVTo 0 8H::J3t,>T. «[«"pi5?* 

^P 5 1± 1 *«jfiaWi»*, HjS«Kn»^**i«iS^ 
10 P 6 it 2 XHfifttita** SarKSSnsSUB P 7 « 3 

^«asj««-*, ^nt'ti^to 0 8 T-Mu P 4 
~P7t±, »giJ*SSfc:-rsfci&. 1. 0 7£tt*±«'L 

[0 1 1 6] 09tt-<Xh:7*-;*jX{£Bfre>O. 2/t 

To <r<Z>0 9£:J3V>T\ *^T^$n«.SfBP 2fct0. 

2 fimL/S<03SW«"e (1) S©i (x) fcffiSU 
MT'^?n5«P 3#XU -y b(DMS: (SMtiffi 
W) K:J:oT»5ns«3ftae^T? (1) SCm (x) 

20 fcffiMifS. 

[0 1 1 7] 0 1 0«H9O3fiafifP 3^7-'Jxi 
SILfclK©2lfflHiffiBuS#** TcO&Sft^fP 3 £ £*> 
tC^k-to 01 OtCfcl^T, 6SiT^tl5Kf P4li0 
&H»ftl*#** -jSiSfTe^nSiSJEP 5fi 1 

■^n^ti^-To *ts, 010-r-a. P4~P7«, ms'i 
*n%ic?zrcib. i. offtt^±ifLT^^nTv^ 

30 [0 1 1 8] 0 1 1 {±<-<X h7t— /bXfLtBfrSO. 3 

to CCD0 1 l(Ct3V>T, 3ftt>7*^n«jft^P2idt 
0. 2/imL/SO^HSf ( 1 ) SO i (x) Kffl^ 
U jS«?3S*nSJfiJgP3 3b<XUy KO^S (^ft 
ItPJ) fCJ:oTff StX&«if{§*§-? (1) S<Dm 
(x) KfflS-T*. 

[0 1 1 9] 01 2tt01 10agf§P3*7-'Jl 
SJftLfeBECffiMHifiajS^*, 7c03S«fi^P 3 i: t 

ttc^-To 01 2(c43v>t, mfc-e&i-stizmj&p 4lt 
40 o P5iii^ 
rjisutt«T»^*n«i6}B p 6 it 2&mwi 
ais^*, p 7 (* 3 ^H«asj«» 

^n-?n^-r 0 ^*s, 01 2t«, P4~P7«\ 

mi!*®mc?2,fztb. 1. 0^ttW±lf LT^^tXT 
[0 12 0] 0 7 i:0 9 fc^it^-rs^tJJb^J:?^, 

0. 2 fi mco^y z.ic£ -?Tmc>fricm<D&yitfi 

mtiT^&o £fc. 0 9i:01 1 t&tt&f&t. =ry 
50 tlT^Z>C£tft>fr2> 0 
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coi2i] ±a5o«t3tc ^gfg^P3^ji 

* 5 o m*. «\ 1 #JH i£&BSc# P 5 t 0 P 
7*-AXfiEf©S^Oa>h7XKi, 0. 4 3T$ 

•So 2;fc. m i otc^ns^x h7*-*x{4B^e> 

0. 2 jtm-r^*— #XLfct§£-<Dn:y h^XMis 
0. 2 4t$5, gcfc. 01 2£^n5^XH7^- 
#XfizBfr£0. 3 /imf^*- £X L 3 
^XHi, 0. 0 4 7-£&3o 

[0 12 2] CcDctdt, (1^/0*) ©SMSlfZ?* 

<Dt<g#lT&So -f&fc>^ "<X h7*-*Xfi»{± 
(1^/0^0 OSi^itTj-fe^n^h^Xh^a^i:^: 

[0 12 3] fCT\ #*KJBt8T*H\ ^OJ:?CLt 
S»3tt¥3RP L©-<X h7*-*X{SBO^Hi^fT3o 

[0 12 4] CO^XF?*— axttBOffcttifCfct, 00 
Kj£, ^X/n±T*71'>i(iI0. 2 fim (l^*;l/±T? 1 
Mm) , v ? a— r-rtfcS 0%<DL/S V-^A\ ff-jRIffl 

c^feftoTTfT t>n§ t, o -r s o 

[0 12 5] a--**, ^m^tou^^^u-^c^o, v 

So ^c, ±MffliaB2 0-eti, U^-^l/R' ±©ItS!l 
ffl/^-yPMA\ PL©*fctt±»cK»*-s 

[0 12 6] 4W812 0T?fcJ\ JSSBflfil L# 

So £<DViM-c\ iWgi2 0t'it J«aW3tei L^U- 
T^rt/R* tjSWLT, t9^tra«JcLT, 7xn^f 
->*WS T*X*#ffifcj£SLft>b<&£IH«tHI!IS§5 9 

*m v > t, tHBM> < * - > p m <D&mmttffl*mij£ t m 

«HcX'J v hXZ-v^ftmcZQffSo CORE. £4MfP 
8t2 0T-li, XU>y h«9 0©Ztt73fqIO{fi[B 0T& 
7x/\X7^— ~>*WS TCDZfSB) 

•o. mkmm^Mu &®mm&ig*§ &tnm.mm 

STftSM^iuciesirso 
[0127] fit, ^$ijwsb2 ot'«, mmvm 

fc#Sft&SM#&C*fJfrf S^x/nX-t— -7WS T©Z 



ffiB CT&to^ XU y MR 9 0<DZW7?fRl©ffiB) 
fctttU C(Dfit»*S»3fe^PL(D-<Xh7*-*X 

#X{iB (f7*-*Xi) KJSCTttSWcgftr 
SOT\ ««yfc9S3£P Lco^Xl-^^-AXffiB^WJ* 

[0 12 8] ft*s, 2%I^Ojrao^0fl&HRtfd' 

xtw-rssw^i-^fciftn^i/^w^t,**^ s/n 

L/S V— ^li^^id^X^— Xfi«USL^fa- r 

-Tits o%(Of^— yp**cfc*«9$u^, tn« 

«W#***»«©«S*»feto^fc «t ftti\ L / S v- ^ 
m«, (3) SeflET?**«^fcfi»a*S**^6 

20 [0 1 2 9] 

Pn=A/N. A. x (1 — 1. 2) - (3) 

3£S«*§P (CD SWm (x) ) ©«SH6j?flR*fcfc 
SZfiB C7*-#X{AB) ZtkUA-rz^micZ-oTt, 
-^X AX{5iB©^tfl^Rrft6T?feSo 
[0 13 0] S^*«P LcOftS^O^tH 

[0 13 1] £<D{$mMik<Q&tiilCfgl,T 

jsKBotf-pjffl-'^— vpmi ~ p m. w&f£-ztircstfflm 

U^^;l/R 1 #ffl^P>ti3o 

[0 13 2] WS'Dl/^^/l/n-^lcJ;!), b 

f^l'Xf- v^R S T±teU^^;bR l *«n-K?n 
So ^tc, ±W^iaB2 OT'ti, b^^^R 1 

tt±testf— a-rs «tam % u?*;wf^- ^r s 
g>®rrSo -kic. iSijffli^B2 om fiaw^r L^it 

Sllffl^ - > P Mi gp^O* K ti 5 «t 5 fc rTK U 
40 fW7^yKi2 ttmWiMW L TJS^«**«ST 

* -v ^TJ^tc J: k> Qmmmm 5 9 ^ffli/^TSfso^^ 

- > P Mi ©£M«ttW&tf SKJtt** P L CO^X h 7 

it-r-s„ 

[0 13 3] ItS'Jffl''^^— yPMi%ffll,^Xh7* 
-AXfiElOtfflA^TtSi:, ±Wfif2 0m 
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wfm*mM?z 0 c<DViMT\ ±mtmmi^ xu-y 

[0 13 4] JGM& ±M»»B2 0T?tt, ±8Sfcra« 

[0135] cntciofte.nfcS^xh^^-Axfit 

[0 13 6] SK^^RP L©{§®, 

[0 13 7]K±(ciO, MSiLfcA. SK^PL 

[0 13 8] J5BB*fc3*3RP L cD^SltRHO^m 

[0 13 9] f COOTKMO&ffi^LT 
It. M^ttfx 01 4tc^^n-5J:3tc/^— >ffiigSP A 

2 ooitsij^/^^— > p mi, p m 2 ^jBfig^nfcfhao 

L/SA^->f$§ 0 gifc, !tS'jm^^->-PM2 30 

sjsm itsnffl^^— >pm i iDmm (v— ^ 

[0 14 0] ?@iOU?-^;l/n- ^fcj;?), u 

5o ±*!I8P««2 0-Z?«i, L^yVUR 2±<Dst«iJ 
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>ki 2*B»iw»UT!!awflj«*«se-rao 

T\ iffflSPgB 2 0 T-ti, PMI L*U?-*jl/R 2fc 
i»LT, MiSfcHaKcLT, XU -y hX*-^?^^ 
«tt)^H^SiJS5 9£ffll,>Tff-«!lffl/<# — yPM 1 © 
£M«tHWRtfSI&3fc*3R P L <D-<X h 7 * X{3B 

[0 14 1] ff-jfflfl!/**— yPM 1 ^fllvftr^x 
ISM I L*<ff-S!M/^->PM2gl5«-fcM«^nSJ; 

acufi'/i/xf-yR s T^r— y ftitmcmfemm&m 

s-pffhpjffl/^-^p m 2 (D&mm9mRzftmK¥% 
PLo^h7*-*xffi«<o«kffi*fTi/\ foes* 

[0142] cintci^fsnfcg-^xh:?*- ^xte 

BZii:Z 2 i:0||tC»^T> aK3^SPL03*ffilR 
[0 14 3] ESffiUXMte, 3t^3R©|»piRSO 1 OT»* 

■T^^x h7*-*x{S[B<DM^Sr3i / ''TSIgctc<t 

^<x h 7*-j37.{&m<Dm<r>mimmt 3 o < 2 0 n m 

[0 14 4] <^£-V{§©3g{iMm©*fcUl> 
•OlgflMftBOttWtt. C. ^^^©|g$SOr^ 

e. law^nrviM^o^n^noBWefTtens. 

[0 14 5] ff-SOT/^-y (ff«J**4:a«T-^) 
tto»iB!l*S«i:S*W»«:-SW* c L^<DT% 

at 2 vit, mzwmMm-*-? 1 1 1 ic&fsmnmm 

[0 14 6] 



aw 






C^^U^XfS^ • \ V3> 


Box in Box Mark . 


Box in Box Mark % 




Line in Box Mark ^ 


Line in Box Mark „ 




Box in Box Mark „ 


Box in Box Mark « 



[0 14 7] ^tc, &B%¥3KPL0ffi*Ktf7 f 'r;*h 1 5tc^^n^J:5^ N /^->^p Acd^SURD - 
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£ tmim /^-^bmi-bms w&i&ztiitwrmm 

5 9>£:*ifi£f SXU -y H£9 0±tC«\ 01 6tC^^tl 
3«fc5ft, XW^riqJfC#t;5^i|iW, *£LcQxy-y 
h 2 2 a t, Ytt^riftKfftfSBf^SW, S£ LOX'J 

S T ©rt»©§Jfcfe*JSatf 3fe-b >t2 4 (XttH 
3 ©ttSffigBRtfgftgP) tc ± 9 X l> y h 2 2 a . 22 

b (D^-r mm l fcjfc* t a«*« bt jjgfc * o t i, >s t 

m*-l£ 2 5 /imT'&3 0 
[0 14 8] £f\ ^^©l^-^l/a— U 
^;l>X-r— v>R S T±tcU^^;l/R 3#a— KSft 
5o ^tc, £MftI&B2 OT'li, l^?;l/R 3<D(f^fC 
SfHBflffl'*:*— > B Mi tg^5t3^ P 

ST*8»t5. Afc, ^WflSE«2 0T?tt, figiBJtel 
L tfftlfOT^ ^-VB Mi tTfHHfli ^?->BMi <fc 
D — H t) *#V^Jfc^J£g|3#©#teJ!BS* £tt-5 «fc 5 \C rJ 

vfi 2 shwmh bTBgw®^^ 20 

£rl^^;l/R 3tcBggfr&„ cntcfct), 0l6fc^^r 
tl5<t3^, StSOT^* — >BMi<D3£ffl&BMi' . f 
ftfc>-5t3:f£3 0 Vift<DIEJ3BVi<D/<**->mWl$.-$tl 

CO 1 4 9] COttffiT?, ±filWSt«2 0-p«» 0 1 6 
H:^EriAT*^£n-5<fc5{C, ^xaXt-^WST^X 
Hfcfrr&fcjfeSE L4a»62IH«tHJH» 5 9 fcAJ^TftSlffl 
PMi <0ffi|H«tKl!|*fTV\ ^©ftSiJKJ; »?» 

&*ifc}fcatKfl»m (x) ***ytaE«f*o 2ac 30 

±WflPSs«2 0T«4, »&nfcflHSSB*m (x) tcS 
->PMi<Djg<£ftB£:3&a63o ceT\ c ©{fitB&tJb 

<D#a^LT«, mtf, Mat^m (x) £?-v 

fltOWAtf 1 mmft<DfQ&jfttbZ 1 1 1. fc, MIE 1 AH 

tent ra-jimcDstp ^ * s t <DK(D 
ztiL&mttMtb. nonLmmcm^rmmm/^— v 

P Mi (DXtiLW x 1 £1^3— Kttlfc^f j£*JBV">* 

CO 1 5 0] AlC, ±W812 0TU c^/nx^- 
'>*WS TfcYl^lftfc^Lfttf 5£H«ft»l»5 9 £ 

ffl v ru-fflijffl^ 2 - > p m 1 (wgmmtM ^© 

fflWfciOW&ftfcttSaSB^in (y) ^^UfciBtt 
SOT^-i'PMiCDYfiByifcJfca&So f LT> ±$U so 



8^12 om »enfcw«iffl/^->PMifl[>aE« 

fit (xu yi) lzm~3^T. U?-*;l/R 3©ttft*£>fC 

CO 1 5 1] ±!B£>U^;l/R 3 ©ffig-rn©1«iE*^ 
7**fc, ±W»SeB2 0T?»4, f»fc I Ltftrajfll^ 
* - > B M 2 **trtf-ffl« / - z/ b m 2 <fc 9 —ig t) ;*: s 

7^>Kl 2*iaa»LTTOffi«4Itt5. CO 
'^->BM 2 ©SBBBffl-iWRtf-f-O X Y ffiBcDfti»J£: 

co 1 5 2] nmmmmz om ±Efcn« 

tc, KWBIIWM&Kjeboo, !t«OT/S*-VBM3~B 

M5tCO^T^{f^ltffl'J&0 ; XYte@©ItS!l^^?l 

CO 1 5 3] cnK«t!)»6nfcW-Slffl/<*->BM2 
— BMsOffilffi (x2. y 2 ) , (x3, ya) , (x4, 
y*) x (xs. ys) fcS-^v^T, Fftfe<D&W%:fio £ 

<D^ft< tt-73^WW-Tf. 0 
Co 15 4] fVxh-; ^ 3 >i:ti. -<^<— ;l/ 

«»)t**P LV>lfxmT*3bK>. CCD^Xh— -> 3 >{c: 
[0 15 5] fcl^ ±ab/£fg*St>*7 ::r -i'Xh-^3 

~;i/Krtoa4«.(L[Bta»*n**w-wffl/<^->'o 

CO 1 5 6] fiL. #-0 3 0 nmM(D^i$i — ym BM 
o' (n=K 2, , 5) ^rX<J >y hX^-VVLT 

z>) frz&.&stfflm'Vt-y (.&m± rc Mi~ cms j 

tvf-X) i)\ BtMm'*5> — >BMi~BMslC{ J i.Z.TBl$. 
9 0±fC*<Ottaiffl/<^-^CMi~CMjfi[)Siai»CM 

n* (n=i, 2, 5) w^nftw^sn 

CO 1 5 7] ftfe, ±T-fct, ffl*B*tao¥ffite«tO» It 
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«CM„) <£>£ffS{gj (BMn' X«CM„' ) fCOfTti 

«*fm (x) 0tt*a»«9) **i j etikmfc(DX?<< 
SffflB (B Mn' XliCM,' ) <D{uB (x-y^cOffiB) 
L Of-f X h - S/ a < fe 

isy-f-ji Krtoaa«(ftBKisagsn*^mi« (b m 

»' XttCM„' ) <DfiB^^-n ; fnifSa<*i6?.ci: 
T*#, SSHfifyCTV x h— > 3 VRl>*{g45cD'>& < i: 
< stiffs ct#T*£ So ccD*§-g\ 13 
£ txfc x 5 -r x u^rt/-e«-ftButfflre>b* 2 {Ifb S ft, 

^-ox^^xp^cD^^jg^^^cii, m^im 

ZWllc J; 9 HRKcf* £ ft S bi^X h B£>x -y v'fitB^r 
CO 1 5 8] tCST\ ^«©S7fegBT'«, SUt^ 20 

ft<DT^^-B0XT-^^K^Lfc^ ^ftXS^S 
TX<y^V^fTV\ ^©X-y^vy^c/"}:*— BO 

x t- * oi >y s>©ffiB*7^T»se««Bssa: £ t- 

^fHMLT&t^fcfccQ-e&So fLT> S)tt^B<D-r 
-<Xh— >3>tf-SlMJi:liJl«y^>'yStlfc3 0 /xmft 
<DT*7&— B 0X7- ^<D4»>L^C X 10/im^|©-r>^- 
-BOXV-^cDl^XHtSrfcl^tttf. 30 

[0 1 5 9] foT, ^x/n± («ffi_h) T*l 0 [Lmft 
<D B OX-7-^fl)$^Mi7 ^fctfiflD^jSK: J: t) ttffl 

±fB©S^X/\£^fcf^X h— ^3 >it$0 
tmW&H&L (accuracy) T'T^Xh-v-a^aFli 
fr£> fHWP * 3 «fc 3 * S o 
CO 1 6 0] Cft^^EIf SfcfcK, BU^bfcr/WX 40 
l/f^^Uf^^Yfa- ~>-v;l/v— ^^gtc 50/i 

a-trXT'«. ^X/n± 1 0 ftmft(D7— ^ti-rV >y>> 
^£CS*:iMcAftP>ft&</\ 
CO 1 6 1] ^CT\ «3B#U\ OSttB-f Lfctt** * 
x/\Jtl 0 fimPl(DBOX-*—?<D$mfflJ5!£il (10(i 
mfSSiSHft^) £X ytttelBKMkbfcT- 
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-its o , *(Dmmftmcmmttmc&m<mM& 

^TX^^^LT, X'J -y hX4r* 9 ffilRMNN- 

sjfcfi 1 *.^ ft s Boxv-^(D2sra 
6 f# 6 ff^jgjE? t mmom^mtm e ft s ^ 

Co i 6 2] a i sfc^snsw-Wfflu^i' 

;l/R SOltMffl^^-VBMi-BMstCft^T, tf-ffiflfl! 
/ ^ - X /jIrHc II L T X h ^ telffliMt b fcSH 
<?Z'**->&miS.L1t9\rmmis*-9)VR 3' * 

PLtDfVXh-v'3 vtKM*ff o fc<S«» & 
ftSOT^-^OYfuBi: LTx i+$Jffl^*->B M„ 

^ Y#fafcHbTlH#{b£ftfc»iH#y *X/<*-:/ 
fc, X#iajfcHbTffl^k*ftfcl»CW?v 

OltSMffl^^^— ^*X U y h 2 2 a . 22b 

f S <: £ £ »K f^F-ya VfHH*ff Kttft 

£S C 

CO 1 6 3] 01 8tC« x ±34bfcY*|fi]fc:BBbTlB» 
{t?nfc:S{«5f:>y yX/^- Vfc, XTalRltcrabTlffl^ 
ft JWKsl? y * x/ < # — >t©ffi©ff«ffl / < * - > 

A ( M?nfc?-^7D7^ (300/imft) <D—Mtf 
^tlTV^„ C^ia 1 ??§MM1, MM 

2l±, 0!I^.«*5*(D5 (imL/Sv- ^A^fig^^ft 
jaij^^ — ^T-^t?, !?§MM3, MM4ti, Mx.tf 2 9 
*«D1 fimL/ST— ^*">Sfig«7*— #Xft8!|A#- 
>t$!3, ^MM5, MM6(i, Wl^tfl 1*©2. 
5 (imL/S v-^A>P,fig5«(e(^'y^X/^^-^T-S 
So CCD01 8<DV- 7^D7 ^7ti, M^tff/WXU 

5o ^iK#>y^X/^->cQ^ft;ti v fiaj^jf 

2. 5|imL/SgS Wx/NiO. 5/imL/Sl 

CO 1 6 4] Jg»^mon^l|XM©ItS'J73^(C 
OV^Ti5^H^•r•So nvlKM<DIt?giJ(±, L/SV-^^|t 
jfflffl/^* — VfcUTffl^SS 1 <DJ5&£, Line In Box 

^ic^tfp,nso 

co 1 6 5] (ssiioxm m%w*mc£o, n^ux 

0#^f»:0^v>«-*-rmBi:«:Sffl1?S«o WAtf, 
019tiI^$nSO. (^Itffl) C> 

(4) ^coi^tc^e^nso 

CO 1 6 6] 
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[S3] 



CO 1 6 7] AUil*3%5MWgU&fe¥X (SKI/V 

co 1 6 8] ■&mm\'m^is^x% i c.(D^brs.L/s^ 

i: tc Jc ^ ^©SSffi£X^Xl^;l/£LT&i£-rsc 

.ttfsiicL^o 

CO 1 6 9] J-XT, coaiSaiiffflofKBJK.fcSnTiR 
H\ M^.tfi2 oicnk-ztizzv — vfS^P A 

©4"L>i: 4 ft ©gp^co^-ft 5 SF/f (CftlfJffl^* - VDM 

i ~ d Ms imis. z titcmmm * & r a tm v ^ n 

So f+fclffl><* — VDMi-DMs tLTti, ^sfyffil 20 
Mm (^x^ffi±-?0. 2(im) ffi-f^tfc5 0% 

© x 1*7? fate a iwttsrw-r s l / s > \* - zst>m n 

* . . £ fc. C cd*£\ gHfkfHBfgg 5 9 5X'J 
•y h«9 0&tf£HftffHH»5 9Q«I£9U:. Bui$Lfc 

CO 1 7 0] COi^, ±fij||ia«2 OTftt, nu&Lfc 

5 — VDMz — DMsO^Mffl (DMz' ~DMs' 30 

«) ic#m?%im&m%m (x) 

co 1 7 1] ?lt< cvnztirc&ye&mm^m 

(x) ^msox^-Yxu^i/tcD^^^n-rn* 

(4) jSteS-^Tjsau co»migsfcS^^T« 

i^ft^P LOnviRM^r*46§o 

CO 1 7 2] rJTlKH« v U>X©«<«r©|fflfTflMSjb< 
S*« Cfctc J:* U>X<DiRiSl»fe PL 40 

CTS&SCiltC&S,, fcT, X5-fXS^tx 
•y v^tti ©¥ffifc J: t) * 5 / < ^ — vOiSSiHS^fil^ 

&uti?z±gs.y5mc&2>£, 3viRg*»aa<, fro 

§a tHBt S c i: tfBffti t & -5 o 

CO 1 7 3] ft*5, §9tffl'Jffl^^->DMi~DM5^5 

*©7'(' v/^— v^$ty*?4«D L/S 
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jlM^*— LTfl§t^TfcSv-\, 0 2 uct±, c<r)<i; 
■SO iUTffl^Snsi^t^ XU-y HR9 0±fcfHM 

CO 1 7 4] lO»EM' t±> 02 ZK7F.-Zn%>& 

•y^OJl&ifcsSitf (H l g#JSj£ifci&#) f l i:, 

/ S >*$-><D£f*i<DmiCttfo? 531 2 S*il®S)5)c 

T'$5 3. 6 pm^y^fc»(5-r«HifcSua#f 2 

CO 1 7 5] fifoT, *GizEi:|WF«tc. iftJfflJ^B 2 0 T* 
fix Mjibfc^ • X h-v-a VIt$iJ©PS£|5l«l<D 

T> tHMffl/^— >EMz~EM5<D3SH« (EM2* ~ 

ems- t-rs) ^^js-rs^afi^m (x) 
t>uaju KJHBis*»c»^i/-»Tia»«*3SPL03T 

CO 1 7 6] 2m«t!«©#« ft*'<*- VOjtSEGT 

S^viKHcO^Sfc, L/S^->(04»4100;< 
v t HfcWS-©*©' ^ - ^cD^fttc^f-r § rj v 

iRM©^i?i:«ffla-rso for, ytmx»m*§<o&? 

4:, L/sX*->o^ft©«n:WJ£-r<&»2S*Hifi 

^^©nviRfi^46S±IH*atcJ;^h, tefflSlffi 

46SCi:*^ffSo CtOiS^-v— i7<DEBe-y^ 

(±cO^jT?(i0. 4 ;tm) t 5*<0T— ^*>P>^:5v— 
i'^V-T'OEltJy^ ChO«-ett3. 6 Mm) <Dtt 

CO 1 7 7] (|g2©*ffi) ^(C, 3TUXgcDli?2<D$J 

s^rffitcov-'TBiwrso c(o^m-vit, 023 (a) 

iC^tt-SckM^ A^-VffligEP AF*3©(f-L>Rt>*4^l 
©gP^CD^-lt 5 BffifcW-aM/** — > FM!~FMs« 

->FMn (n=K 2. , 5) tLTtt, 02 3 

(B) tcfe7\:LT^$tlS<t -5*Line in Box Mark i:"? 

023 (b) {c^n-5d:3tc s i2^di m 

Z.l£D 1 = 1 5 0 Mm) <DIE73 — ^OrtSPlC, |S] 
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1 32tf D 2 (m*.l£D 2=1 00/im) (DIE* 
JgiDX^-X/^-^ (iD3) tfflMSnfcv-*/< 

tt («S/N. A. ) /2&TFm&(D±Z£tZ<lttf 
Hi: IX. fi£oTD3«, *©5fi£«Tg*i:"rsci: 
tfa*LV\ NjlA D3(±. 0. 5/imi:^tl-5o 
[0 17 8] C<T)V-^H-i|lJ^^-^FMn^ 

[0 17 9] CO!*, ^raffff-Mf§5 9^«fig 

t5X'j7h«9o ai^fiiaiwH-jWffi 5 9 tomimii. 

[0 18 0] ^CT% ±W»StB2 0-p»4, *5abfc« 
m • -r-f X h — %/ a >I+ffliJcD^i: PJ«£0#|IMT*. 20 

->FM2~FM5 0$H« (FMz 1 ~FMs' 'ft&) 

tcttj&rzmmm^m (x) ttmzo 
[oi8i] i/t> &wmm*i£mfe(o* i 7>(7>is 

mz' ~fms' o»a;tt<om*jwiLx Kua^m^ 

[0 18 2] C©±3fcX9>r;*ffi*fliV\fcxvS>8l|lJ 
<D3s£{C<fc 0 , §t$iJffl^*— ^ FMz-FMs <DQMm<D 

[0 18 3] ±EO«^fCfeV»T^ XU "V h«9 0±<O 
X U y h 2 2 a , 22b <DMW±. mmm^<DX 0 v 

a. ±EtHWfflV-*FM.»<:ttAT, #J*.{£l£i|©5 0 
limm&<D±\,^-f^/^~ yt, 0J;U±lg|i|gO. 5~ 
0. 7 5 /imgfi©^-^--^/^ — ^^H-SJ^TlRlJcm 

jehpi 5 o /x meat) x^.h,nw^n^<o 1 
[oi84]024tctt, ciD&Sftitfflm'i*— y 

(GM.fc-T*) ©»GM.' #X'J -y h«9 0±(C 
D4«l Ofim, D5tt0. 1—0. lS/zmTJ&So 
i# LftX7 f Xffi K <t 3 x -y ^(lio^Sfc «fc 0 ^tB-r 

[0 1 8 5] jfefe£[pj (ftSij73(Rj) <Di4««^7i'^< 
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n-rzmw;. ttmm><*—> (gm„) ©jcstc, 
*ift»=»iS"rs*ri6iK:msiaRiTEiHsnfc««oa4 

[0 l 8 6] *<Dfctb, ±IB^WftGMn' <D*f&1± 

HXii*¥ilJ*& < ftdi 1" 3 C i: T £ S o 
[0 18 7] fcjH, cci^t > tHWWEtefclSLkrs 

[oi8 8] mz^ mmT-u-bxomM^mitc-D^rm. 
[oi8 9] mm^u^immmt^y^—ij^ic^ 

t&%lf&lc£Z>t§-£riZ. Boxin Box Mark^-S^ti^L/ 
SV-^*W^5.ft, ^h7*-*X(Sf, + l/im 
gffiO^*— AXffiH, —1 /i mSS©r7 ^ — T^X 

3 >st\ *n^nBi3t*ffv\ {mmt7*~% 

i/f7*-*Xi) ) £§t»-T5Ci;;WTfc>ft3o 
[0 19 0] ^IB«ffifflO«^a:, «5*f*tttn«fC3 

[0191] W±fflPl9fcWreLfcJ: 3 fc, i cDSIfiS 
fcM<Dmft&W\ 0 OtCtSi:, XU-y hfi2 D=n • 
U/N. A. ), n^0. 8T'fe5X'j7bi90i& 
*-r*3SKI«W-W»5 9^r<t^Tt/^Ci:A-<e., C£D^ 

— > ^ ^ «± ©Sfiijffl / ^ - xd^P^ «ff-«*ff 

[0 19 2] ^7i. SS^SKl 0 0m ±WS«2 
0 ^ ^MtS'm 5 9 ^m^Xm^CDT. 'J -y hX^t 

<DMSE L tz <t -5 ^gR^^ P L ©8* Offiftft 14©tf 
V\ CcDltSiJ^fcS-^^TS»7 , £^P L<3D^07^OD 



(21) 
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tSCWT'tS, ftfc, £SS)W©£S?3iR)©(g^ 

4 < £ t.-*oxaEaiSE*wsE-r « c t k «t t» frfcti 

[0 19 3] C<D«t5fc:, BttgHl 0 0T?fcJ\ «*fcf 
[0 19 4] S^SESl 0 0T?t4, ±fM®^«2 

Lrvy^'f t^hmwis&A l g i©^— x^^vao 
(/"»t» my£mmicv^w(DtiLm*fflm-tz<i tic*. 

[0 19 5] ±3HSIfi6)B^-Z?tt, XU-y hi|B2D 

t\ mw%<Di&&x tmzx&% : PL<Dmn%t.N. a. 

fc©W#£#i*LT&S£ftT^Si§^k:ov>TifiiEL 

[0 19 6] tfttt^ xij-y hifS2D£\ M 
PifcN. A. (TJVvTtifr— ^©^SrSfJtLTS&TfcS 
C©<fc-p&XU >y hli 2 D©X»J >y h^ttSX'J 

[0 19 7] XUy MB (2D) ©&5£&C[»LT 

Noes 1/2 • D O F cc A • S 1/2 / 

<Diw«*<*So cct% n. a. a, t&mx&mnmn 

S/Noc (N. A. ) 2 • S ,/2 / 
(DWB&Wtfi*)i£Oo CCX\ S/NHU — &J*$h0fi« 

[0204] (2) * • v-fXA^IEW&fcl^- 

^"-^ • /-C Xtf 1 #/£#©jgi|>I S LfcV\ 1 & 

NocDOFocA/ (N. A. ) 2 

S/Noc (N A) 2 • SXAceA • 

©M^tffcS,, 

[0 2 0 6] (6), (8) iUOXD y Mf (2D) 
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[0198] ma©sn<, «f^xi»7*-* 

XfizR©|f fflti, XU-yM£90©Z tt^rift GttDKf 
**XUy h**+>#3fc«fc&tt»E«*>£U cn 

&33>h^Xh#lt;*:i:&5xy-y Mg9 0©Z(uB 
(^Vh^XMf-^Z&fif) SClfcfcAO 

[0 19 9] i§#, -<X * — *X©tftffiteRtl,T 
10 t± x Xij7h|9 0^ 0. 1 5/im©lf >y^WPST\ 

i sang Uf770 gfigfts-es. 

[0 200] CCX\ 02 6£rfflt^T±IB©"-<X 
-*X^ttl©— Wcoi/^TlttWrSo C©02 61±. X 
U-y Mg9 OS: 1 3@pg (Xf'v7) X-ZW5\ui\zmt 
S-t*\ MT'fSnftl 3^©n^h^Xh©lt?|iJfit 

(02 6pp©xgi) *««*z«i:bTiK-rto-e* 

3„ i2 6^CX91T^n5 1 3jg<03yh7XhiD 
W-fflfflKcSrSl^T* 4 ^£<D£MI C 
^ioTS?i6^o C©>fiffi(fti|SC<h, jBMi&Htt (XU 
20 y->3;l/KL"<;W S L £©3&&;&3<i6, £j£IIB©E8l 
= 2 B<D^M^Xh7t- ^XtC^jS-r^ZffiWfifi: 

[0 2 0 1] 0 2 7f£H\ 026 i:l^fil©li0*^Sn 
TVS. flU COH2 7T»4*«H4x 1 ^toSShOSB 
(X«^5S-T^7r-Xh • ^--^-) fcjjrTo cc 
T\ 02 7(C*5tt-5WZ (=Xf7 7*t:7f-xf-^ 

So 

[0 2 0 2] (1) -y hy>f X*»3tEW&«^ 
30 1 XfRftOMmZ: s t-?%t, ->3 -y hy-TX«S 1/2 

tcjtM-r^o i xmmsustM (jwt, isa r 1 

rSiJSE (DOF) lc£.ltm?Z<D-V. & l ^jsK»offi«o 

y ^ x*«-r- ^ © z xfo^Rig? jg & y ■< xn t -r 

(N. A. ) 2 (5) 

[0 2 0 3] LfrStC, V©»W&P fc-TS 

PocA/N. A. ©BB^SS©-?, 
AocA • S 1/2 XP (6) 



(7) 



[0 2 0 5] fi£oT, ^^->Oifi5:PiLT, 
S/P (8) 

< , S XN JtU\ / f X©14St <fe o T 1 ^ffiifl S © 
so 0. 5~l«EttWT*Cfc#«;bj^S. 



(22) 
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CO 2 0 7] 02 8 (A) -03 1 (B) iCfci. X'Jy 
HI (2D) ©WSL^«H*:£«>*fci6«DS'3:iU— 
•>3>!gSO-IA^2nT^5o CO 3^, 028 

(A) s 02 9 (A) , 03 0 (A) Rt>*03 1 (A) 
ti, N. A. =0. 68, A = 2 4 8 n m, o = 0. 8 
5<D2kft<DM-&*7jkT 0 02 8 (B) , 02 9 

(B) , 03 0 (B) &t>*03 1 (B) «, N. A. = 
0. 8 5, A = 1 9 3 n m, 0 = 0. 8 5<D^:#£Dif£- 

[0 2 0 81 028 (A), (B) 7* r-xVl/^ 10 
^-Y-V^rffl^/cWI^rS^LT (6) ^jgfflLfc^O 
7* — tiXtemcm-tZ S/Nht^-To 02 8 (A) 

tcts^T, mm (•) , ®t«s (■) , &m (A) it 

iW^^-ytLr, 7-<>'i|iiL^n^n2 o o n 

m, 2 2 0nm, 2 5 0 nmT\ "fa.— f-J J±#V^fft 

to 12 8 (b) tc^r, mm (•) , «sn (■) , 

(A) ti, ItSOT^^-^i: LT, ^VipsLA^ 
nfni20nm, 13 0nm, 140 
•^^Jt^l/^-fnt 5 0%<DL/S^ — >£ffl^fcii£* 20 

[02091029 (A), (B) tt, B2 8 (A), 
(B) tC^n^n^jST^nvh^X h^r^o nVh 

mW- J i(t)# " (9) 
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r— X r- • (1st Order) T$5o C 

tut i jfctfa-osMKjtH-rso 

[02 1 01 030 (A) , (B) tCli, 028 

(A) , (B) lC?rL?tlMfo-?Z7 7-X b • 

[02 1 11 028 (A), (B) A^, m^mc^-f 
'Jvhi (2D) ^-i/tf-yf- (=2L) 

t m cg£ c t a^jim Lfc 0 tr y ^-im l 

ST*$3o fcr« XU >y MSflDgSKiS^gfcS?' 

mmn tr >y ?<D¥ftm& t%z>o 

[02 1 21 03 1 (A) , (B) «, 028 (A) , 

(B) tm~3kWT\ (8) S*ifflLfti^07*- 

ii x tttfi fc BB-r 3 S / N it*** o 
[0 2 131 CCT, XU -y US 2 DfD«iS{t.co^ 

[0 2 141 ^rafSff-MIggOX 'J >y h©i(S2 D, 
<93i5fi#*P* i (x) tntX'J^h jSiESiiffim 
(x) tt, ffixELfc (1) «{tLfc3fc© (9) S 

[0 2 151 
C»4] 



[0 2 1 61 7*-*X«ffltt#«H#©L/S<0»S 

fi(D0^:, l^oit; (n>F7Xh) J;!3fm-r-5 0 £ 
W«OSiS«fC$*n5 0 Z&toom&S: a . 1 #J5g# 

©&s*b - sin («>! • x) t-rmf, y 

*y r-i§ii3£]gmo (x) . mi (x) lt^Z<D (1 0) , 

(id sci5^5„ fit, mitt, mmm<D& 

[0 2 171 
[®5l 

m „(*)-« j dt-2aD —(10) 

<u i D = /r/2 • (2 n- 1 ) 
(fiU n = 1 , 2. 3, ••) 

[0 2 2 11 (1 2) SSriiSf D=/r/ (2 

o>i ) ©«FSfflW)fc#fi:, ii>M#<D^vtfil;*:££ 
§ (3y(-7Xhmi:45) Of, X»J-yM82D 

•y^©¥# (WT, as r«/JvN-7tf<y^j fcnj-JO 

[ 0 2 2 2 1 $ fc, 1 <ftf£#<D Y'f VtfitS < . 0 #fi£# 

oyv^AHg^taifwm^©^^- = >y * U^zSltmc 
&3©T\ mm. (1 2) 5£T-n= 1 rajb^ 



[0 2 181 
30 [&61 

m,(jc)-i> f sin(o),»)dr= — sin(i^ac) sin((^D) —(11) 

[02191 (1 0) 5£<kt>, O^^iXU >y hM(e 
mjiSrCltWIL, (1 1) Sit) 1^»«, (1 

[0 2 2 01 



(1 2) 

X U -y h m 2 D A^/i / a i cD^^-, t^^i*a/J^/ n- 

[0 2 2 31 03 2 (A), (B) fCtt, XU<y r-ip§2 
DA^a/JvN-^tf«y^cD 1 fgOi: 3 £<D, 

£<D0&c:}3^T, Hfl^ft^L L 1 «XU >y r-iSii^cD 

L, iSLL3a»M^t„ cne>(3D0,Cfev> 

SO So 
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[0 2 2 41033(A). (B) fctt, X»J y MI 2 
&O0C6^T> £tt<OttlftL L 1 «X'J >y b-iSiUftCD 

So 

[0 2 2 51032(A). (B) Rt>-0 3 3 (A) , 
(B) fc*il^T«$M3^ L L 1 |W|— fgiJsi:3S: 10 

■2~C^Z£ttft>frZ>o (BU Xl> -y h«2 D=*/Jvn 
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-7t!7fXnOntfK 3, 5, 7 t±Z < &-5(cfi£ 

4 2V 5 >y * b t&5£ttft>fr?>o Ctl 
«fc»K 71J7 MH2D^«/JvN-7kf-y9 : -{i:-iSc-r^li 

[0 2 26] W^Lfc (1) , (2) 5£*7-'J 

xX»-r*fc. XV>y hfc«t*¥^ta*OH»ftWtt 

[0 2 2 7] 
[f&7] 



;,(«)- J P (x) exp(-2«x)&o2D sin o (2? °f> „ 2Z) j^igg) ... (13) 

2miD '-»r> 



[0 2 2 8] 0 3 4fcfcfc, »MSO^|JiSi[*ffl. 
ttt, X')7 HI2 Dtf8?BBgJ , iU7Vv- 7kf>y^cD 
1, 3, 5^<D^F<D«iSS(RpttA^StiTl/>«o C<D0 
3 4JC*5V>T, !?F§GF5, GF3, G F U± N 

XU-y MI#«/Jv\-7bi -y^-©5^ 3{g, Hg 20 
©JiB-^JSiSSc^ttiSRS^^'ro C O0 3 4 5Bj? 

tI*' ! «/JvN-7bf-y^{c-a-r§^ (GF 1) tf, Sf 

[0229] cm 2 to nmmm> ^mn<om 2 o 

^M&mi^O^Tm3 5ROF0 3 6lC&-3\,^Xfflffl? 

00 1 m-m l < immcDM&gfiftiz-o^Tit, n-<o 

ms-rs 30 
[0 2 3 0] 03 5iat, c<Df&2<DmM&emK.%&n 

Sfil 1 Ott, v-^^Hi^iLT^T^-i'^Vh^ 
3SALG2cD<ftj£<D^tf, BftSBl 0 0ifilt§. 

•rs. 

[0 2 3 1] c077'(^yh^fALG2li, 03 

5 testis* 3 k x sagjtt^^p LodiffifcHttsn 

7 T * ^X7?S<Q U-*f • X* 9 -Y * > b 
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[0 2 3 2] COTvi'^y b-rft^A LG 2 03 

Sfc^nsJ:?^ 77^^yhffl^Ii 3 2> 

757-1 3 4, SlJffliUvXl 3 6, B2*fft>U> 
X13 8, ->';3y7*h^*-K (SPD) 140 
fmTMJtlT^I,, dCT\ fltfEl 32tL,T 
'N'J • ^*yu- tW^Stl-So £<DT?"< 

SlMll/yXl 3 6^LT7lMW±C77'f>(y 
b-^— ^Mw^BBB^-r^iTci6<Dl^— *ft£— AX#y h^r so 



BtfttZo \y— !ftr-A«ii^H^SnT43t). 7i/N 
Xr- ^WST*jtiE (X++y) tsctlciotb 
-If tr- A t T 5 -f >- h ^ M w i: fcffittjtSEf 

[0 2 3 3] T^-Y^ Vhv— ^Mw^^^-TStilgL 
7t(±^ 1 ftWoUZsXl 3 6. n-757- 134, Rtb* 
S2^ftUyXl 3 8^LT->'j3y - 7* h^V^" 
-KSPD1 4 0±{C^?nTS7 1 d?n-5 t , SSSS^A 
LG2fCtiu 0^)t7i';l'^A^A^nT*JtiHiMS ? {c 
4oT43D, 77-f^yFT- ^MwtDTfffi-r^fitB/c 

ttT?«aj&&««msn*. fit, spdh o#gft 

bfcJfc<D«BSafcfc^# S P D 1 4 0A^±MSISI2 
0fc{ft*&£n.5„ £3iiJSiJgB2 0T'«, COMS^f 

[0 2 3 4] COJ;9*Xr— >*X+t>- ^Y7*iDb 
—If • X4 1 -W^7'^f'y: Vh-tr^+bco^— X^-OtD 

14, Stf S P D~tt^©y^y(D$f ftt J;,T^ 

[0 2 3 5] llT, CCQr^-lVVhSifSgiA L G 2 

[0 2 3 6] m-f. ±WJP8t2 0Ttt, Btaii:|5|«t 
LT, U7^;UR±tcJgj££ftfcU7^;b7'7--f y<>h 

U U^^;l//^-y^©S15fflB^*46-S 0 f^4b 
^, U5 L ^^7'-7^^>h^f : T5o 
[0 2 3 7] ±*JW»B2 OTtt, 7X/\7f- 

•>*WST^1LT, !3 6C^n5J;?(i:, U— «f 
K-AXJlW hte#LTffiMfMHB»5 9<OXU -y b- 2 

2^iu I'-^ytvmmxwmm^tmmic's-x. 
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^=FWH-3 1 <D9tmm*&9&&, \s-4f\£-L.-?U7 
yfJlZm, ^ftfCgoVTtf-AXtf-y HOffliS* 
Wo £MC£*), UmjlRcD^Z — Z/mtDtSi&itLm 
t77^^VhraA L G 2©U— »fX#>y hJSIJffi 

[0 2 3 8] J^KlHLfc:*&2a^&ttlCfll*ft% 
ggl l OtcJcS^ W&LfcBiOlfcfflBBJISUDBJteg 

^ttjgp&B 2 o t j: *) Qmrntmrn 59^ 
l g 2 co{fiK^ x ^mmtmrn 5 9 k <t y B&ntcftB 

•T3;r £tfT*£3©l?, WflCOlBfo^— ^9'f>«<Dff 

[0 2 3 9] £HB#KM8§ 5 9 ©X <J -y Hg 9 0 

±©X U >y HOEItt, WaLfttOtlfiSf, 00*»f 
037 (A) fcjj^fttS<fc3fc % MiSLfcXy y h 2 2 
a, 2 2 bOffi&tCinx., X«i{£:*fLT4 5* , 135 
' fcjS-f^lBlfC^n^ftfftfSXy 7l-22c, 22d 
©ffl#£riD*Tt>&l,\, ^fm. cn^OX'J'V h2 2 
c, 2 2 d©g^/j|tatcSjttft/3fa©xy <y F«2 D 
it, X U -y h 2 2 a , 2 2b £H«<t>81pfc: J: 9 15*0 

[0 2 4 0] cffl«^ 1^3 7 (A) K^nScfc? 
ft, &WC?3p^c£flS«§t«iJ§§5 9 (^X/nXt^-^W 
ST) ^aELOO, W*.t£BI3 7 (A) tCjj^tlS^ 
K»PM' fcfcfLTXy y h 2 2 d*jEg??Z£tfc 

1 y „ v&mmcttis? zmtmrn^zmmB. < &w 
•f^c ttfT'ZZo H3 7 (b) tc^^n^ia 

lC y ^9JD*|ftK3SIJB«ff-SiJ»5 9 (^i^X-r-^W 
ST) 7 (B) K3^£ft3g 

HBflkPM* t»UXU'yh22c*illEf5CJ:lc 

[0 2 4 1] ±SB© 2 fflOX y >y h (22a, 2 

2 b), (2 2 c, 2 2 d) *X»J v h«9 0±»C|fttt 

t>gV\, Rftfityctt, ^'y£T#i&#gjy#;t.Rr&fr&: 

[0 2 4 2] BBBfcOVTKWrS. 
[0 2 4 3] M&Lfc (1) , (2) S<fcy, X>J y h 
<fc*JF*3ffc«, £IHHififtttK:ttp (x) © 
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3 D cfttt— KfcSe«fiB«p (u) tnftftiTt^. g 

Bwsttw&Lfc (13) a^?ns. 

[0 2 4 4] (13 )a©H»»»ttOiS!«rtt(07 -f 
*P_i nv (u) (14) xSTij^n, CM 

BWSn*a*|in«©3Sfi«#m (x) CD7-'JiX^ 

P_ i n v (u) = l/P (u) - (14) 

-Yvnfc-uvhtt«©«*weaKia cotf) ©± 
10 i#2n. a. / a t & « s ^temmrnvrcibiz i± 
(is) ^Mfc-rtess^fes. 

[0 2 4 5] 
BS8] 

Z><^— .(15) 
4AT.A. 



[0 2 4 6] JM±0«t3a«|aiao#ffi*ffll,>ntf, IP 

20 St©?*— AXT?fHWU cne^fflV^TUVXOjg® 
[0 2 4 7] tt9BL'<£— yt'$5L/S V— 

[0 2 4 8] cneosaiRsgosjffitciBbTofflm* 

ttBfc:H\ 0!|*y:03 7 (A) 4 73(«lfCOV^ 

T©£HB©st»J*W&&^KB§HllB 5 9 *ffll/>3 c 

[0 2 4 9] fcfc, ±E&3te«JBl»T«\ *iift'Xf 
so y~f • 7~yY - X^-V^SOSR^SB^jSffl^n 

Sfc^ifcbfcttlSTvx^O/^-^SffiKiK^-r 
r v f • y tr- hsos^Bt t>*&wi±mm-rz c 

[0 2 5 0] $fc. ±fES-HSSMT'tt, *56W^if4* 

40 HESM-'N'y K*«ii"r*fc*i>OB>ttSfB*iftet.*aw 

[0 2 5 1 ] Sfc. ±e#HSS«!»T?M\ iSytfflBSBj^ 
tLTK r FX+->?b-f)t (2 4 8 n m) s A r F 
l+->7l/-if)t (1 9 3 nm) £if%fflV>St§£-£0 
^TlttWbfcA^ cntc|5ie.-r. (4 3 6 nm) , 

i feS (3 6 5 n m) „ F 2 U— 9*Jfc (1 57nm) , i 
*«U— 9\ Y A G U— tfOKail««*B«ffljaW3ttfc 

[0 2 5 2] ±E«SBWJg«!Ttt, «|g«*5R4: 



47 

[0 2 5 3] 3:7c, ^lAXf-^l/f^^Xf- 5^ 

tc -t*- * omwrtm 5 . 623. 853 §xa 

#S«FflFB5, 5 2 8, 1 1 8%0Mm&M) 

17^7 U vy«ffl«r-»fcx7»±S!fe J:tf a— 

[0 2 5 4] 3:7c. Xt— 'Jit. KfciBoTWIlt 
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